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ABSTRACT
The purpose of this study was to investigate the 
relationships among model performances and performances by 
graduate and undergraduate piano majors of three Bach fugal 
subjects.
Twenty-five undergraduate and graduate piano majors in 
the School of Music at Louisiana State University 
participated in the study Subjects were instructed to 
listen to a pre-recorded performance of three Bach fugal 
subjects by a concert pianist/teacher. After listening to 
each excerpt, they were asked to replicate the performance 
with particular attention to the relative dynamic level of 
each note and the relative duration (staccato/legato) of 
each note in the excerpts. Subjects' performances were 
digitally recorded and analyzed by computer. Each subject's 
performance was analyzed separately by means of comparison 
to the model performances using the Spearman rank order 
correlation coefficient. These correlation coefficients 
were then used as the basis for further observations.
Results seemed to indicate that exact replication of 
the performance variables was easier with regard to 
articulation than with regard to dynamics. In general, most 
subjects improved the level of replication on at least one 
factor (dynamics or articulation) across trials. More than 
one-third improved concerning both factors.
viii
CHAPTER 1
INTRODUCTION 
Statement of the Problem 
The purpose of this study was to investigate 
relationships among model performances and performances by 
graduate and undergraduate piano majors attempting to 
replicate the model performances in the areas of 
articulation and dynamics. Specifically, the performance of 
three selected Bach fugal subjects by piano majors was 
analyzed in terms of the duration and intensity level of 
each note as a measure of the degrees of staccato, legato, 
and dynamics employed. The dynamic level and duration of 
each note in these performances were compared to model 
performances of the selected Bach fugal subjects.
One of the most important aspects of any musical 
performance concerns the performer's personal interpretation 
of the musical work. Most musical scores include expressive 
indications to some degree. Those domains of a composition 
beyond pitches and rhythms which contribute to expressivity 
are called "expression marks" and include dynamics, tempo, 
and articulation (Randel, 1986, p. 295). The level of 
dynamics, tempo markings, and staccato or legato indications 
guide the performer toward an accurate realization of the 
composition. The musician's ultimate goal is to translate 
musical symbols into "vibrant, meaningful patterns of motion 
that will reach directly to the heart and mind of the
1
listener" (Barra, 1983, p. vii). Most agree, however, that 
the range of possibilities for an "expressive" performance 
within the bounds set by the composer is quite great. Barra 
(1983, p. vii) says:
It is generally agreed, of course, that there is no 
single, 'correct' way to interpret a particular 
composition. ...Indeed, most pieces are amenable to a 
variety of interpretation, and their performance often 
varies significantly, even when played by the same 
performing artist.
Musical expression begins with the musical score, which 
is interpreted in light of a set of conventions appropriate 
to the historical style period of the composition. Even 
though there are limitations imposed by the style, "rigid 
interpretations are particularly out of place in baroque 
music. The performer's individuality has particularly wide 
scope, with all the opportunities and difficulties which 
result from that" (Donington, 1973, p. 15).
In light of the "difficulties" involved in expressive 
performance, teaching musical interpretation within the 
applied music studio may be of particular importance. The 
applied teacher may make use of a variety of techniques in 
helping the student gain an adequate understanding of 
musical interpretation. The effectiveness of modeling (or 
demonstration by the instructor) in teaching various 
interpretive details has been demonstrated in various 
settings (Rosenthal, 1984; Zurcher, 1975; Suzuki, 1969). In
the applied studio, many teachers use modeling to show their 
students how to interpret and perform. Thus, the question 
of whether or not students are able to replicate the 
intentions of the model would appear to be an important 
question for those who use this method of teaching.
Questions related to a performer's ability to 
accurately discriminate different interpretations of music 
and, subsequently, choose a particular interpretation and 
accurately reproduce it through his or her own performance, 
would seem to be important to performers, applied music 
instructors, music theoreticians, and psychologists. In the 
present study, questions concerning the ability of subjects 
to accurately reproduce what is presented in a model will be 
addressed with regard to articulation and dynamics, 
specifically:
1. Given musical excerpts and a modeled performance of 
these excerpts, how well do subjects perform the 
articulation pattern indicated by the model 
performer, and what correlation exists between a 
model performance and subsequent performances by 
individual subjects with regard to the articulation 
pattern contained in the excerpt?
2. In performance, how closely can subjects imitate the 
dynamic contours within excerpts in a modeled 
performance, and what correlation exists between a 
model performance and subsequent performances by 
individual subjects with regard to these dynamic
contours?
3. Within the limitations of the chosen excerpts, is 
either factor (dynamics or articulation) more 
easily imitated than the other?
4. What effect do repeated model presentations and 
repeated playings have on the level of correlation 
between model and subject performances, that is, do 
repeated hearings and opportunities to play improve 
the accuracy of the subject across trials in 
relation to the modeled performance with respect to 
articulation and dynamics?
Need for Study
In piano performance, duration and intensity of tone 
are the only means of expressive control for the performer, 
with the exception of timbral changes through pedalling 
(Backus, 1977; Hart, Fuller, & Lusby, 1934; Ortmann, 1925). 
Seashore (1938) reported an experiment by Ortmann (1925) in 
which a number of artists produced tone gualities at the 
piano which they described as harsh, brilliant, mellow, 
full, singing, round, shrill, dry, metallic, steely, 
brittle, shallow, poor, ringing, clear, velvety, bell-like, 
jarring, and strident. But a recording device attached to 
the piano showed that the velocity of the hammer blow and 
the action of the dampers were the only two variables that 
had been under their control. Whenever qualitative
differences were present in the tone, they were differences 
in intensity and time relationships.
Early studies of intensity and temporal aspects of 
piano performance are rare. Pioneer work done by Seashore 
and his associates in the 1930s involved analysis of 
performances of a number of musical works. Time factors 
(such as beginning of tone production, duration, and 
cessation of tone) and the relative loudness of each note as 
measured by a piano camera were transcribed to a performance 
score which enabled the researchers to compare two pianists' 
performances of the same composition (Henderson, 1936).
Extremely little research was conducted in this area 
for several years following the work of Seashore. But 
with the development of improved technology, interest in 
performance durational studies has risen in the past 
decade. A number of studies have analyzed temporal aspects 
of piano performance, some using recorded performances 
(Povel, 1977; Wapnick, 1987), but most using live 
performances (Shaffer, 1976; 1979; Gabrielsson, 1974;
Clarke, 1982; 1985a; 1985b).
Of the growing body of research on durations of 
individual notes in piano performance, most of the studies 
have dealt with the measurement of a specific type of 
duration, namely, that defined as the time span from the 
beginning (onset) of a tone to the beginning of the next 
tone (Gabrielsson, 1985). Povel (1977), Shaffer (1976,
1980, 1981), Clarke (1982, 1985a, 1985b), and Gabrielsson
(1974) have begun to make important inroads into the study 
of expressive timing in piano performance using computer 
technology.
Bengtsson and Gabrielsson (1983) have begun to 
establish a line of research dealing with the performance 
and perception of durations using computer technology for 
analysis. They note both the importance and current absence 
of research in studying staccato, legato, and portato in 
musical performance:
It should be realized, however, that these three types 
of articulation represent categories within which 
there is a wide range of variation. There are 
different degrees of legato as well as of staccato and 
portato, and there are no well-defined limits between 
the categories. The proper use of these articulation 
possibilities is of extreme importance in music 
performance and is probably one of the most important 
ways of affecting the experienced motion character of 
the rhythm in question.
In an earlier study, the same authors (1980) stated that 
“the relative contribution of Dio [duration of sound] and 
Doi [duration of silence] to Dii [the duration of one sound 
event to the next] is apparently a very important factor"
[in performance], but the distinctions in durations are 
hardly ever made in rhythm research up to this time (see 
Figure 1).
To date, no study has addressed the issues of the 
measurement of duration and dynamics in piano performance 
as they are related to a pianist's ability to accurately 
reproduce a modeled performance. Therefore, it was the 
purpose of the present study to investigate the 
relationships between a model presentation and subsequent 
performances by graduate and undergraduate piano majors 
concerning the articulation and dynamics aspects of 
performances of selected Bach fugal subjects.
Limitations
Certain limitations were applicable to this study on 
modeling. First, acknowledging that all keyboard actions 
are unique, it must be noted that an electronic keyboard 
instrument, one that is MIDI capable, has a unique action. 
However, the Yamaha Clavinova CLP 300 keyboard used in this 
experiment possesses an action closely related to that of an 
acoustic piano, that is, the keyboard is weighted and touch 
sensitive. The sound, produced by digital sampling, was 
developed by Yamaha International using high-quality pre­
recorded acoustic piano sounds. The quality and touch of 
this instrument has been accepted by highly-trained pianists 
as "excellent alternatives even to higher-quality 
upright acoustic pianos" (Saltzman, 1988).
Other limitations concerned the subjects participating 
in the study. Only a limited number of students were used 
(N=25), and all subjects had achieved an advanced level of 
performance. The results of the study, therefore, are
TONE 1 I TONE 2
'10
D,01
Dii
LEGATO
□ □ STACCATO
PORTATO
Figure 1 . Schematic representation of a two tone sequence 
illustrating the meaning of the duration variables Dii, Dio, 
and Doi (from Bengtsson & Gabrielsson [1983])
necessarily related to students with an extensive background 
in piano performance and study.
Review of Literature 
The purpose of this review of related research was to 
describe research that had been done in three areas closely 
related to this current investigation. These included: (1)
studies of keyboard performance, particularly studies of 
duration, including a survey of the earlier methods of 
measurement and the more recent studies involving the use of 
computer-assisted analysis; (2) studies of temporal 
discrimination in music; and (3) investigations regarding 
modeling as a teaching technique in applied music contexts.
Keyboard Performance
Early Studies
As early as the beginning of this century, researchers 
have attempted to analyze and measure musical performance. 
This has been done specifically with regard to intensity and 
duration of various sound events, in order to describe 
quantitatively what occurred within the performances. Though 
limited by the level of technology available at the time, 
several researchers found creative means by which to analyze 
performance.
One of the earliest studies (Sears, 1902) measured the 
durations in five hymns played by four church organists.
This was accomplished by using a small reed organ with steel 
pins placed through the keys at some distance from their 
back ends. As a key was depressed, the steel pin dipped
into a mercury cup, making an electrical contact. Durations 
of the key depressions were measured within accuracy of .01 
second using a smoked drum of a kymograph. Sears found that 
the duration of successive measures varied considerably, as 
did duration of individual notes designated by the same note 
value in the score. In legato playing on the organ, it was 
found that there was durational overlapping, that is, a key 
was not released until after the next key was depressed.
Hartmann (1932) found results similar to Sears' 
findings, although his measurement methodology was guite 
different. Using piano player rolls, which could reproduce 
performances of two pianists playing the first movement of 
Beethoven's "Moonlight" Sonata, measurements of durations of 
notes and measures could be made by measuring directly on 
the roll. The cardboard roll contained small openings 
corresponding in position and length to pitch and duration 
of the tones to be produced. In these performances, some of 
the longest quarter note values as notated in the score were 
longer than some of the shortest half note values.
Another pioneer effort (Henderson, Tiffin, and 
Seashore, 1936) toward the measurement of piano performance 
with regard to time and intensity was accomplished with the 
Iowa piano camera. This instrument gave a photographic 
record of the beginning, duration, moment of ending, and 
relative intensity of each note in an entire musical 
selection played under normal conditions. This camera 
imposed no restrictions upon the player and did not
interfere with routine use of the piano in the studio. Each 
time factor, beginning of production, duration, and 
cessation of tone, was measured directly in .01 second units 
on the tracing for each key and the damper pedal. This 
photo record was then transcribed into a musical performance 
score. The relative loudness of each note was indicated by 
a number above each note on a scale of 1 to 17, indicating a 
soft-loud continuum. This procedure was used by Henderson 
(1936) as a means of comparing two pianists' performances of 
the chorale section of Chopin's Nocturne in G Minor, Op. 15, 
No. 3. This study found that in both cases, accentuated 
notes (as indicated in the original score) were performed 
without making the notes louder (intensity) in 81 percent of 
the 31 measures. Rather, delay of entrance or altering 
durational values of individual notes produced a metrical 
stress. The study indicates that duration and intensity are 
both factors in interpreting accent.
Vernon (1937), used another technique to measure 
aspects of artistic piano performance. He used the Duo-art 
rolls which mechanically recorded the movements of the 
artist at the keyboard. Temporal relations were recorded 
directly while intensities were approximated. Farnsworth 
(1928) attested to the reliability of this technology in 
durational study. In this study, Vernon compared eight 
performances of four artists with particular attention to 
the degree of asynchronization of chords in the 
performances. A test to determine a reasonable "threshold"
of discrimination for the artists as well as other musicians 
and non-musicians was also administered. The study suggests 
a threshold below .02 second for musicians' perception of 
asynchronous chords. In the performances of several 
movements of Beethoven sonatas and a Chopin Polonaise, the 
author discussed asynchronous deviations beyond the 
perception threshold in terms of accidental versus 
intentional deviations. He found that artists use 
asynchronization for expressive purposes such as: spreading 
the chord to create an illusion of deviation of tempo; notes 
may be brought in singly to facilitate perception of 
clarity; completion of a pre-determined chord may be 
detained to emphasize the chord; chords may be played 
asynchronously to soften the abruptness of the phrase 
ending, and so forth. The results of the study also 
indicated that pianists may play as many as half their 
chords asynchronously, and when the tempo is slow or 
changing more asynchronous chords occur.
Another study (Povel, 1977) analyzed the harpsichord 
performances of three professional musicians through their 
recorded performances of Bach Prelude No. 1 in C Major (Well- 
Tempered Clavier, I). Tape recordings of each performance 
were played through a high-pass filter and through an 
amplifier. The output of the filter, after amplification, 
was divided into two streams: one fed directly into a UV 
recorder, the other fed through a rectifier before going 
into the UV recorder. From this, two oscillograms were
obtained. An analysis of the oscillograms provided a 
precise determination of onset times of each tone played. 
Because the piece chosen features continuous sixteenth-notes 
for 32 measures, it was possible to obtain a mean duration 
of the tones and calculate a standard deviation for the 
tones. This also allowed the overall temporal structures of 
the three performances to be compared; three matrices were 
constructed to compare standard deviations in a note-by-note 
analysis. Povel found that in comparing the mean standard 
deviations around the bar means, the faster playing 
performers exhibited greater durational differences than the 
slower performer. Further comparisons of the performances 
showed that the last note in each measure was consistently 
played longer than the others by one performer, while this 
note was consistently played shorter by the other two 
performers. Also, even though each bar is composed of two 
identical successions of eight tones, there were 
considerable differences between the performed durational 
structures of the two halves.
Though limited by technology, early studies of the 
performance variables of duration and tonal intensity have 
shown that, within the context of a performance, durational 
values have differed significantly from musical notation. 
Further results have demonstrated that both duration and 
tonal intensity were factors in musical interpretation, 
especially in interpreting accents. These studies have 
suggested that it is possible to analyze aspects of piano
performance by making comparisons of durations of notes in 
performance between different performers.
Studies Using Computer-assisted Analysis
Shaffer (1980) reported his research findings in which 
performances of professional pianists were analyzed by 
computer. He used a Bechstein grand piano which was 
maintained to suitable concert standards. A pair of photo­
cells was attached in such a way so as to detect the onset 
of key movement, the moment the hammer hits the string and 
the moment of key release. From this, speed of movement and 
intensity of activation could be inferred. Sensors for the 
foot pedals allowed detection for that activity used in 
performance. Following recording sessions, the data were 
retrieved from the computer and printed out as a listing for 
each note played. Information allowed the analysis of 
intensity and duration of each note. The performances 
analyzed in this research were Bach's Fugue No. 7 in Eb 
Major (Well-Tempered Clavier, II) played by a professional 
pianist. The pianist claimed he had not played this piece 
for many years. He gave two performances at its proper 
speed, followed by a much slower performance. Data were 
analyzed for the degree of agreement between the 
performances. The high level of agreement suggested to 
Shaffer that the pianist was able to generate the motor 
program from his general knowledge of piano.
Additional experiments were reported in which one 
pianist performed at sight a Beethoven Bagatelle he had 
neither played nor heard before; another pianist performed 
Bach, Mozart, and Bartok; another pianist played the opening 
pages of a Schubert Sonata being prepared for recital. For 
each of these, analyses of variance on different parts of 
these performances showed hierarchic constraints on the 
timing of different units in the performance. Shaffer 
(1981) investigated features of timing in a large-scale 
context, one of the few examples of this type of 
investigation. He recorded performances of Bach and Bartok 
in such a way that time intervals between notes could be 
measured.
A study of performance of rhythm patterns (Gabrielsson, 
1974) by two pianists and one percussionist measured 
durations and amplitudes of rhythmical examples. The 
pianists played the rhythms using a single pitch on the 
piano, while the percussionist performed on the side drum or 
the bongo drum. The tape recordings of the performances 
were analyzed by an analyzer for monophonic sound 
sequences. Several characteristic deviations from the norms 
implied by the musical notation appeared. Each notated 
rhythm was performed for four measures. The tape recordings 
were fed into the MONA analyzer. Some of the research 
results reported were, that in a sequence of two eighth- 
notes within a beat, the two notes are seldom performed with 
equal durations. Short-long relationships appeared
generally for pianist A and predominantly for pianist B; a 
sequence of an eighth-note followed by two sixteenth-notes 
was performed with long-short relations on the eighth-note 
level, but with short-long relations among the sixteenth 
notes by the percussionist and often by pianist B. All 
subjects heard continuous metronome sounds via headphones 
during the performances.
Other studies of timing were made by Clarke (1982, 
1985a). A piano performance of Erik Satie's Vexations was 
analyzed as to actual performance compared with the notated 
score. The timing of notes in the performance was recorded 
by sensors in the piano action connected to a computer as 
designed by Shaffer. The study suggests that the expressive 
characteristics of musical performances are related to 
structural characteristics of the music performed. The 
results also support Michon's (1974) earlier study which 
found that rhythm and performance tempo are not independent 
parameters.
Sloboda (1983) investigated a note-by-note analysis of 
the differences in timing and intensity between the 
performances of two melodies with identical pitches and note 
values but which were notated differently by moving the 
barlines and beams. He found that systematic differences in 
expressive variation resulted from the positioning of the 
metrical stress, even when all note values and fingerings 
remained constant.
The research studies which have utilized computer- 
assisted analysis of piano performance have centered on 
duration within specified contexts. Results have suggested 
that the musical structure, the metrical placement of notes, 
and the seguential context of notes in relation to other 
note values are all important factors in understanding why 
performers choose certain durational values over others.
Temporal Discrimination
Within the context of this study, the discrimination 
of duration of musical sound events (e.g. individual notes 
in a musical sequence) is of great concern. But how 
precisely can the human ear discriminate minute time values? 
In a survey of research in this field (Fraisse, 1978), it 
was suggested that studies dealing with duration give 
results that depend very much on the method of 
investigation. The four main methods used are:
1) the method of reproduction- in which subjects are 
given a stimulus and asked to reproduce the same duration.
2) comparison of two durations- this method has been 
increasingly used in the past few years. In this, the 
subject is asked to compare two different durations that are 
very similar. Studies of this type include the forced- 
choice condition in which two stimuli are always presented, 
and the single-stimulus condition, in which, after a time 
only one stimulus is presented.
3) verbal estimation- this method requires the subject 
to estimate the duration of a single stimulus presented in 
terms of time units (tenths of seconds, seconds, minutes, 
etc., dependent on the range used in the study).
4) production method- similar to verbal estimation is 
the production method in which a subject is asked to 
produce a duration of some specified time unit.
In studies which have compared the different methods of 
inquiry, results have been mixed. Some researchers have 
found high reliability among the methods, while others have 
found support in favor of one method over others.
In terms of auditory sensitivity, Geldard (1972) 
reports that a tone presented in an audible frequency at a 
duration of 100 msec or less will be perceived as only a 
"click" without pitch. The frequency also affected the 
point at which a tone was perceived as having pitch. Doughty 
& Garner (1947) concluded that the thresholds for tone-pitch 
probably define the lower limits of duration which may be 
used if a tone is to possess a relatively stable pitch 
character. With shorter durations, pitch discrimination 
breaks down rapidly. An earlier study (Turnbull, 1944) 
found that for a tone of 1024 Hz at 60 dBa above threshold, 
the effect of stimulus duration on pitch discrimination is 
slight until the duration is reduced to 0.1 seconds. After 
that, accuracy of pitch discrimination declines rapidly 
until it is reduced essentially to zero around .01 second.
Psychological and acoustical studies using pure tones 
as stimuli are abundant. But, results have not shown 
agreement from one study to another because of the different 
methodologies involved. However, studies of discrimination 
of small time units using a musical context as the stimulus, 
to my knowledge, do not exist to date. It seems important 
for musicians to understand aural discrimination and levels 
of duration perception within the context of real musical 
examples due to the very nature of music itself. That, and 
the fact that the perfecting of musical performance entails 
a high level of listening discrimination skills, would seem 
to be conseguential issues for musicians.
Modeling
In the area of applied teaching, instructors are 
constantly faced with the problem of teaching their 
students to perform with accurate rhythms and pitches, 
proper phrasing and articulation, and at appropriate tempos 
and dynamic levels. One of the teaching techniques used 
frequently is that of modeling, or demonstration by the 
teacher. An excerpt or portion of a selection of music 
might be performed by the teacher in order to show a number 
of interpretive concepts. In a descriptive study 
investigating the use of time in piano lessons (Kostka,
1984), instructors utilized demonstration-performance an 
average of six percent of the total lesson time.
Two very popular and growing piano methods in the 
United States implement modeling at the very core of their 
respective philosophies: Yamaha Educational System (Y.E.S.)
and Suzuki Method International.
In the Yamaha program, imitative playing on the 
keyboard is an important basic teaching technique. This 
imitation (referred to as "by-copy" playing) includes both 
melodic and harmonic playing. According to the system 
(Primary Activities and Techniques, 1983), for by-copy 
playing, the teacher plays and sings exactly what the 
children should play. Children respond by both singing (in 
solfege) and playing as the teacher accompanies the 
response. In by-ear playing, the teacher plays patterns 
without singing and the child responds by both playing and 
singing.
The Suzuki method, though guided by quite different 
goals from Yamaha, relies heavily on modeling. The Suzuki 
teachers try to provide excellent examples for their 
students through demonstration on their instrument.
According to Landefield and Stacy (1984, p. 47):
A  young child, absorbing quickly and imitating 
perfectly, places great demands on the teacher who must 
constantly study how to make music come alive like a 
human voice. Since the format of the lesson consists 
of non-verbal examples rather than verbal explanations, 
the teacher must constantly strive through practice and 
study, to demonstrate to the child the best quality of
sound.
Modeling as a teaching technique is used at every level 
of musical pedagogy. In a detailed analysis of a rehearsal 
of a symphony orchestra by the celebrated conductor Bruno 
Walter, Yarbrough (1987) found that Mr. Walter used vocal 
demonstration a significant number of times in order to 
teach various aspects of interpretation of a Beethoven 
symphony.
Rosenthal (1984) studied the effects of various 
modeling conditions on advanced instrumentalists' musical 
performance. Subjects were assigned to one of four 
conditions: guided model (a combined verbal and aural 
example of a complex musical selection), model only (an 
aural model only), guide only (a verbal explanation only), 
and practice only. Performance measures were made on each 
subject's performance of correct notes, rhythm, dynamics, 
tempo, and phrasing. Results from her study suggest that 
direct modeling, without any added verbalization, may be 
more effective than verbalization alone. The highest scores 
were consistently attained by subjects in the model-only 
group on all measures of accuracy.
As an extension of modeling in the teaching studio, or 
private lesson, Zurcher (1975) studied the results of model- 
supportive practice with beginning brass students in the 
fourth, fifth, and sixth grades. He produced tapes which 
included instructions, reminders and "play along" 
assignments in which a model had recorded the musical
examples for the practice sessions. Results of this study 
showed that model-supportive practice was more effective 
than traditional practice on four of the six variables 
tested: gross pitch discrimination (greater than +100 
cents), pitch matching ability, rhythmic discrimination and 
time spent in practice. The two variables which did not 
seem to be affected were fingering and slide position errors 
and tempo stability.
Thus, modeling, or demonstration by the instructor, is 
used at practically every level of music pedagogy. Research 
dealing with the effectiveness of the technigue has 
suggested that modeling may be more effective than 
verbalization alone in teaching advanced instrumentalists. 
Model-supportive practice was shown to be more effective 
than traditional practice for beginning brass students.
Summary
Research dealing with keyboard performance is at the 
present time still limited in scope. Studies have dealt 
primarily with artists and descriptive analyses of their 
performances. Only within the past decade have researchers 
taken an interest in research dealing with durational 
aspects of performance;. Research techniques are continually 
improving as the technology to implement strategies becomes 
available. No study to date has investigated what 
relationships exist between modeled performances and those 
based on the model with respect to the articulation and 
dynamics variables of performance. Therefore, the purpose
of this study was to investigate the relationships among 
model presentations and subsequent performances by graduate 
and undergraduate piano majors concerning the articulation 
and dynamics of three selected Bach fugal excerpts.
CHAPTER 2
EXPERIMENTAL METHOD 
Subjects
Subjects for this experiment (N= 25) were chosen from 
the total number of undergraduate and graduate piano majors 
enrolled in the School of Music at Louisiana State 
University and in residence during the spring 1988 
semester. The number of subjects enrolled in various degree 
programs is as follows: Bachelor of Music in piano 
performance, 9; Master of Music in piano performance, 6; 
Doctor of Musical Arts in piano performance, 8; Doctor of 
Philosophy in music education with piano as applied area, 2. 
The mean age of subjects was 24.7 years, and the average 
number of years of formal piano study was 15.3.
Participation in the study was on a volunteer basis.
Selection of Excerpts 
Musical excerpts were chosen in order to study the 
relationships of modeled performances to subjects' 
performances. Special attention was given to articulation 
and dynamics. The excerpts were chosen from among the fugal 
subjects in J. S. Bach's Well-Tempered Clavier, Volumes I 
and II. The three excerpts were from Fugue in C Minor, WTC 
I; Fugue in G Major, WTC I; and Fugue in A Minor, WTC II. 
These subjects provided diverse musical examples which 
contained challenging combinations of articulation and
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Figure 2 ♦ Musical excerpts performed by a model performer 
(Bach fugal subjects):(a ) Fugue in C Minor, WTC I; (b) Fugue 
in G Major, WTC I; (c) Fugue in A Minor, WTC II.
dynamic functions. The excerpts are shown in their entirety 
in Figure 2.
Subject responses on the student information sheet 
indicated that 68 percent of the subjects had played or 
studied Excerpt 1; 36 percent had played or studied Excerpt 
2; and 16 percent had played or studied Excerpt 3.
Therefore, the three excerpts represented a wide range of 
familiarity with the musical materials in this experiment.
Preparation of modeled performances 
Each of the excerpts was recorded by a concert pianist 
and professional university piano instructor using a Yamaha 
Clavinova CLP 300 keyboard interfaced with a computer and 
music recording software. The keyboard is touch-sensitive 
with weighted keys. Once a recording has taken place it may 
be immediately played back through the speakers of the 
Clavinova keyboard in order that the model performer may 
decide whether the recording is acceptable. Performance 
data for each note in the modeled performance were recorded 
in the computer program. These included the velocity of 
each note within a range of 1 to 127 (a measure of dynamics) 
and the duration of notes within a range of 1 to 480 "ticks" 
per beat in real time (a measure of articulation).
Model Performance of Excerpt 1: Fugue Subject 
from Fugue in C Minor (WTC I) by Bach
Dynamics
A graphic representation of the dynamic level of each
note in the excerpt as performed by the model is shown in 
Figure 3. The contour formed by notes 1 through 5 increases 
in dynamic level from notes 1 through 3 and decreases from 
notes 3 through 5. This dynamic pattern is similar for 
notes 6 through 10. This contour also exists for notes 11
through 15, with the exception of note 12 which has almost
the same dynamic level as note 11. The contour formed by 
notes 15 through 20 follows the same pattern as that of 
notes 11 through 15, even though it varies rhythmically.
The beginning notes of each pattern (notes 1, 6, 11, and 15) 
are very closely related in terms of dynamic level, that is, 
having velocity measurements of 82, 84, 85, and 81, 
respectively. The final notes of the first two patterns 
(notes 5 and 10 respectively) are very nearly the same
dynamic level; note 15 (the final note of the third pattern)
is somewhat louder than the ending notes of the first two 
patterns (notes 5 and 10). This is evidently because note 
15 serves a dual purpose, both as the ending note of the 
third pattern and as the beginning note of the final group. 
The note with the highest volume level is note 3. The 
lowest volume level, conversely, is toward the end of the 
subject at notes 19 and 20.
Articulation
A rhythmic diagram showing the articulation which the 
model performer used in terms of staccato and legato is 
shown in Figure 4. This fugue subject features three
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Figure 3 . Dynamics as performed by the model in Excerpt 1, 
Fugue in C Minor.
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Figure 4 . Rhythmic diagram of articulation as performed 
by the model in Excerpt 1, Fugue in C Minor, WTC I
repetitions of a five-note group (* j j j j  y  ) . These 
three groups are followed by a concluding six-note group, 
which is rhythmically different from the preceding three 
groups ( n j nij ). Figure 5 graphically shows the 
articulation of this excerpt as performed by the model. The 
0-axis represents the full notational value corresponding to 
a given note within the excerpt, that is, an eighth-note = 
240 "ticks"; a sixteenth-note = 120 "ticks" (see Table 1 
below). Performance data obtained from the model for
Table 1
Standard Values of Musical Rhythmic Units Expressed in Ticks
Rhythmic Unit Full Value in Ticks
J 480
J* 240
120
> 60
* 30
articulation (as a function of duration) are plotted as 
positive or negative deviations from full notational 
values. Thus, points plotted near or above the 0-axis are 
legato, while points plotted below that axis are staccato.
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Figure 5 . Articulation as performed by the model in Excerpt 
1, Fugue in C Minor, WTC I
In general, the three sixteenth-notes which were 
staccato (notes 7, 11, and 12) had similar durations: 52,
60, and 62 ticks. This amounts to a portato (or half- 
staccato) for the sixteenth-note value. The six eighth- 
notes marked staccato (notes 3, 4, 8, 9, 13, and 14) had a 
greater range of duration, from 22 to 60 ticks. The two 
eighth-notes at the beginning of the rhythmic pattern (notes
3, 4, and 8, 9) had nearly the same duration, ranging from
51 to 60 ticks, or approximately one-fourth the full time 
value for eighth-notes. Only two eighth-notes (notes 13,
14) had durations less than 51 ticks. These two notes are 
characterized by having the shortest staccato in the entire 
example.
Model Performance of Excerpt 2: Fugue Subject
from Fugue in G Major (WTC I) by Bach
Dynamics
The overall contour of the dynamic level can be seen in 
the graph in Figure 6. The contour can be described as a 
gradual increase in dynamics when comparing notes 1, 6, 11, 
and 16 (which are the first notes respectively of each of 
the first four groups), then a decrease when comparing notes 
16, 21, 26, and 31 (the first notes of the last three groups 
plus the final note of the excerpt). The apex is note 16, 
halfway through the musical example. The notes exhibiting 
the lowest dynamic levels are the first and final notes.
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Figure 6 . Dynamic contour as performed by the model in 
Excerpt 2.
Articulation
This excerpt is the longest of the three, composed of 
31 notes. There are six groups, rhythmically grouped as 
three pairs. Groups A and B (forming the first pair) and 
groups E and F (forming the third pair) exhibit the 
rhythm: J J J J J J \  Groups C and D have the rhythm:
(see Figure 7). The articulation of the excerpt is 
generally shown in the diagram in Figure 8. Of the thirty- 
one notes in this fugal subject, twenty-five were performed 
staccato. The range of staccato in terms of duration was 39 
to 85 ticks per note. A striking feature of this model 
performance was, that of the twenty-five staccato notes, 
twelve were eighth notes (exhibiting a durational range of 
40 to 70 ticks) and thirteen were sixteenth notes 
(exhibiting a durational range of 39 to 85 ticks/note). In 
general, no distinction was made between eighth-notes and 
sixteenth-notes with regard to the level of staccato. The 
note values, sixteenth- and eighth-notes, served only in a 
rhythmic sense, not as a feature of articulation. The 
average duration of all staccato notes was 61 ticks per 
note.
Model Performance of Excerpt 3: Fugue Subject 
from Fugue in A Minor (WTC II) by Bach
Dynamics
This excerpt is made up of two parts: group A (notes 1 
through 4, which are all quarter notes); and group B (notes 
5 through 12, which are all eighth notes). The highest
34
Figure 7 . Rhythmic diagram of Excerpt 2, Fugue in G Major, 
WTC I.
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Fiqure 8 . Articulation as performed by the model in Excerpt 
2, Fugue in G Major, WTC I.
volume level in this performance is expressed in notes 1 and 
5, the beginning of groups A and B respectively. Group A is 
characterized by a steady decrescendo from notes 1 through 
4. Group B is also characterized by a decrescendo from 
notes 5 through 7, followed by a constant level in notes 8 
through 12. Note 11 was performed with a slightly lower 
volume level (see Figure 9).
Articulation
The performance of group A in terms of articulation is 
characterized by extreme legato and tenuto quarter notes. 
Group B is performed with a sharp staccato on note 5. Notes 
6 through 9 are all staccato, but with progressively shorter 
durations beginning with note 6. Notes 10 and 11 have 
nearly the same duration as notes 8 and 9. Figure 10 
illustrates the durational relationships of each note in the 
excerpt.
Experimental Environment
Subjects were tested individually in a music research 
laboratory. They were seated at a Clavinova keyboard facing 
away from the experimenter and the computer equipment. Each 
subject was allowed five minutes to play the keyboard in 
order to get acquainted with the action and sound.
Modeling Task
Following the warm-up time, each subject was given an 
unedited version of the fugue subject from Bach's C Minor 
fugue, No. 2 from WTC I. S/he was asked to play through it
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Figure 9 . Dynamic contour as performed by the model in 
Excerpt 3, Fugue in A Minor, WTC II.
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Figure 10. Articulation as performed by the model in 
Excerpt 3, Fugue in A Minor, WTC II.
until s/he was comfortable with the notes and rhythms. The 
subject was then instructed to listen to a pre-recorded 
modeled performance of the fugue subject and told that in a 
few moments s/he would be asked to imitate this performance 
with particular attention focused on the dynamics and 
articulation of each note in the excerpt. The modeled 
performance was played two times with a short interval of 
time between the repeated hearings. After the second 
hearing, the subject was asked to perform the excerpt 
"exactly as the recorded model played it." Following this 
initial trial, the modeled performance was again heard by 
the subject, followed by a second trial. Finally, the 
subject heard the modeled performance once more, and was 
asked to perform as nearly like the model as s/he could for 
a third trial.
Upon entering the research laboratory, the subject was 
given the following directions:
Thank you for agreeing to take part in an experiment 
dealing with certain aspects of keyboard playing. Let 
me begin by telling you that all data recorded in this 
experiment are labeled by number and will assure 
complete anonymity for each participant. This is a 
Clavinova keyboard. Please be seated and take as long 
as you like, up to five minutes, to play it, so you may 
get an idea of how it sounds and how the action feels. 
After that, you will be given further directions.
Please let me know when you are finished warming up. 
(Subject is seated facing away from the researcher and 
plays the keyboard until s/he gives a signal to 
researcher that s/he is finished.)
(Subject is given Excerpt 1, Fugue in C Minor, WTC I, 
subject)
Please look at this fugue subject and play through it 
until you are comfortable with the notes and rhythms.
In a moment you will be asked to play it. Please let 
me know when you are ready. (Subject practices the 
fugue subject, and gives a signal to researcher when 
s/he is ready for the next step.)
You are about to hear a demonstration of this fugue
subject as played by a teacher. The degree of 
articulation (legato, staccato of each note) and
dynamic level of each note in the subject are very
important. After hearing this excerpt played two 
times, you will be asked to play it, imitating as 
closely as you can the articulation and dynamics of 
each note.
(The excerpt is played using the computer software, and 
is heard through the Clavinova speakers. After a brief 
pause the excerpt is played again.)
Now, play the excerpt exactly as you heard it. (Subject 
plays as the researcher records through the computer.)
You will now hear the excerpt again, played in just the
same way as before. Following this, please be ready to
perform the excerpt again imitating the recording as 
nearly as you can.
(The excerpt is played again and recorded.)
Now, play the excerpt again. (Researcher records the 
performance.)
You will now hear the excerpt one last time, played in
just the same way as before. Please be ready to
perform again, imitating the recording as nearly as you 
can.
(The excerpt is played again.)
Please play again. (Researcher records the 
performance, then files the data.)
Thank you. Now please look at this excerpt. (The 
subject is given Excerpt 2, Fugue in G Major, WTC I,
subject.) We will be doing the same thing with this as
we just did with the last excerpt.
Please take time to look it over and play it. Please
let me know when you are ready.
(Subject is given time to play Excerpt 2. S/he signals 
the researcher when ready.)
You will hear this two times with a pause in between. 
Please be ready to play after that.
(Researcher plays the recording of Excerpt 2, gives a 
brief pause, then plays it again.)
Please play it. (The performance is recorded, then 
filed.)
Now you will hear it a second time. (The recording is 
played again.)
Now, play it for me. (The performance is recorded, then 
filed.)
Please hear it once again. (The recording is played 
again.)
Please play it once more. (The performance is recorded 
and filed.)
Thank you. Now we have one last excerpt. Please look 
at it, play it until you are comfortable with the notes 
and rhythms, then tell me when you are ready. We will 
do the same thing with this as with the other two 
excerpts.
(Subject is given Excerpt 3, Bach Fugue in A Minor, 
subject from WTC, II. Subject plays until s/he signals 
the researcher.)
Please listen to this two times. Again, there will be 
a brief pause between hearings. (Researcher plays the 
recorded Excerpt 3 twice as indicated.)
Now please play this, exactly as you heard it, 
especially with respect to articulation and dynamics. 
(Subject plays, and performance is recorded and filed.)
Listen once again. (Researcher plays the recording 
again.)
Please play it again. (Subject plays and is recorded 
again. The performance is filed.)
Now, listen one last time. (Researcher plays the 
recording again.)
Please play it once more. (Subject plays the excerpt, 
and the performance is recorded.)
Thank you very much for participating in the study.
The subject's performances were recorded by the 
computer. This procedure was repeated for each subject. All 
subjects were asked to perform the same excerpts in the same 
order and presented in the same procedure. The procedure 
required approximately thirty minutes per subject.
Post-Experimental Questionnaire 
A post-experimental questionnaire was designed and 
administered to each subject following the performances. 
Questions dealt with opinions and experiences of the subject 
related to the use of modeling as a teaching technique. 
Subjects were asked to rate responses to various questions 
on modeling experience on a scale of "always," "most of the 
time," "occasionally," or "never." A second part of the 
questionnaire was a series of open-ended statements dealing 
with the equipment used in the experiment, the difficulty 
level of the experimental task, and the value of modeling as 
a teaching technique.
Equipment
The equipment used in this experiment included the 
following: a Yamaha Model CLP 300 Clavinova keyboard with
touch-sensitive weighted keys, two 20 watt amplifiers, three 
12 cm speakers, and one 5 cm speaker; Opcode Studio Plus Two 
MIDI processing unit and hardware to interface the keyboard 
with a computer; Apple Macintosh SE computer with 20 Meg 
hard disk drive; Performer Version 2.2 (1987) and 
Professional Composer Version 2.2 (1985-1988) software 
systems by Mark of the Unicorn. This system of recording
and performing eliminated the problem of different modes of 
production used in the recording, listening and performance 
portions of the experiment, in that the sound production was 
consistent across all situations.
Independent and dependent variables 
The independent variables were musical excerpts by 
Bach, selected from fugues in the Well-Tempered Clavier, 
Volumes I and II, which provided varying degrees of 
articulation (detachment and overlap) and dynamics.
Dependent variables were performance data collected by 
computer via the MIDI controllers interfaced with the 
keyboard. These included a durational value for each note 
performed to the nearest 1/480 of a beat in the metronomic 
context of each modeled excerpt. A measure of dynamics, or 
tonal intensity for each note performed, was also gathered 
from MIDI velocity input. When any note was struck on the 
Clavinova, MIDI assigned a numerical value from 1 to 127 for 
velocity, which was a measure of dynamics (tonal 
intensity). For each performance by a subject, all data 
were compared to data on the model performance and were 
analyzed as to the degree of correlation between the two 
performances. Finally, questionnaire data were collected 
and summarized.
Computer Data
A model performance of the fugue subject from Bach's 
Fugue in A Minor, WTC II was recorded using Performer 
software as a measurement tool. An illustration of the
computer data obtained on each of the twelve notes of the 
excerpt for the model performer is shown in Figure 11. As 
recorded by computer, the data are displayed in five 
columns. From left to right, these include: a beginning 
time for each note played, expressed in terms of the measure 
number, which beat in the measure, and the "tick" on which 
the note began (480 ticks comprise a quarter note in a 
metronomic context); the second column expresses the pitch 
name of each note that was played (the eighth-note icon 
placed before the note name has no significance); the third 
column expresses the velocity data for attack of the key, 
possible values ranging from 1 to 127 as a measure of 
dynamics; the fourth column registers a default setting, 
since recording the velocity of key release is not relevant 
within the context of this experiment; and the fifth column 
represents the exact duration of each note played in units 
of full beats (480 ticks) and/or fractions of beats, the 
first number representing beats and the second number 
representing "ticks." To interpret the first row of data, 
it can be seen that the first note (E3) began in measure 
one, beat one and 462 ticks into that beat. The key was 
depressed at a velocity rate of 98 (column 3) and had a 
duration of one beat (=480 ticks) plus 39 ticks (column 5). 
All durations within this study were computed from the data 
in column 5.
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RESULTS
A Spearman rank order correlation coefficient 
(Statview 512 + , 1986; Siegel, 1956) was computed for each 
of the three performances for each subject compared to the 
model's performance of articulation and dynamics within each 
of the three fugue excerpts. Because performances were felt 
to be more consequential musically in terms of overall 
relationships among the notes of a musical phrase than 
actual difference scores between the notes as played by the 
model versus those played by each subject, an analysis which 
considered these ordinal relationships was deemed by the 
researcher to be more appropriate. In other words, notes 
within a musical phrase are considered longer, shorter, 
louder, or softer. Thus, they represent rank-ordered data. 
Therefore, a correlational method was used in order to 
compare the relationships of notes within the modeled 
performance with the relationships of notes within a 
subject's performance.
A separate Spearman rho was computed for each variable 
(dynamics and articulation) for each subject's performance 
relative to the model's performance. Using this procedure a 
theoretical correlation of 1.0 between a subject's 
performance and the model's performance would be one in 
which all notes of both performances maintained the same 
relationships within that performance with respect to the 
variable being analyzed.
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Table 2 presents the obtained correlations for each 
subject with the model for Excerpt 1 (subject from Fugue in 
C Minor, WTC I by Bach). Data demonstrated that 
correlations for dynamics were generally lower than those 
for articulation. The average correlation values for 
dynamics were .571 for trial 1, .657 for trial 2, and .707 
for trial 3. Articulation, however, yielded higher 
averages of .787 for trial 1, .766 for trial 2, and .758 for 
trial 3. It would seem that, overall, correlations for 
dynamics tended to increase from one trial to another while 
correlations for articulation, which were relatively higher 
(at greater than .70), did not vary as much from trial to 
trial.
Furthermore, Table 2 shows that the ranges of 
correlational values for all subjects for dynamics across 
the three trials were: .083 to .870 (trial 1), .219 to .906
(trial 2), and .552 to .927 (trial 3). The ranges of 
correlational values for articulation across the three 
trials were: .583 to .892 (trial 1), .484 to .923 (trial 2), 
and .439 to .944 (trial 3). Thus, the range of 
correlational values for dynamics was greater for the 
excerpt than the range of correlational values for 
articulation.
The percentage of subjects who obtained correlation 
scores greater than .70 for dynamics was as follows: trial 
1, 32 percent; trial 2, 48 percent; and trial 3, 52 
percent. The percentage of subjects whose correlation 
scores were greater than .70 for articulation was as
Table 2
Excerpt 1: Correlations between Model's and Subjects'
Perfc
Ss
>rmances
Trial 1 Trial 2 Trial 3
D A D A D A
1 . 742* .798* .536* .800* .552* .906*
2 .527 .716* .530 .698* .723* .721*
3 .170 .800* .219 .845* .556* .856*
4 .564* .861* .774* .809* .780* .937*
5 .083 .864* .640* .700* .629* .855*
6 .594* .881* .559* .923* .599* .800*
7 .439 .872* .694* .803* .679* .439*
8 .717* .767* .830* .836* .604* .874*
9 .501 .782* .520 .796* .786* .786*
10 .708* .882* .421 .820* .588* .944*
11 .542* .777* .906* .814* .874* .508
12 .821* .708* .898* .571* .814* .787*
13 .569* .583* .729* .552* .610* .654*
14 .519 .738* .679* .826* .709* .701*
15 .519 .805* .582* .765* .749* .683*
16 .572* .892* .589* .840* .683* .811*
17 .776* .799* .786* .756* .691* .761*
18 .430 .887* .394 .853* .594* .939*
19 .303 .696* .446 .884* .687* .886*
20 .811* .847* .822* .869* .788* .877*
21 . 653* .733* .721* .484 .857* .513
22 .723* .625* .766* .611* .927* .440
23 .689* .803* .869* .859* .768* .722*
24 .445 .818* .704* .868* .730* .825*
25 .870* .788* .806* .830* .714* .812*
Note. D = Dynamics; A = Articulation. 
*E <.01
follows: trial 1, 88 percent; trial 2, 80 percent; and trial 
3, 7 6 percent. Therefore, for this excerpt, it may have 
been easier for subjects to replicate the model's 
articulation than dynamics.
A summary of increasing or decreasing correlations by 
subject from trials 1 to 2, trials 2 to 3, and trials 1 to 3 
is shown in Table 3. A comparison between dynamics and 
articulation correlations shows that 80 percent of subjects 
had a higher correlation from trials 1 to 2 on dynamics 
while only 48 percent demonstrated a higher correlation on 
those trials for articulation; 60 percent of subjects showed 
a higher correlation on dynamics from trials 2 to 3; 72
percent had higher correlations on dynamics from trials 1 to 
3. The percentage of subjects demonstrating higher 
correlations on articulation from one trial to another was 
48 percent (trials 1 to 2), 56 percent (trials 2 to 3) and 
56 percent (trials 1 to 3). Thus, more subjects were 
successful from trials 1 to 3 in increasing the relationship 
of their performance of dynamics to the model's performance 
than they were in increasing the relationship of their 
performance of articulation to the model's performance of 
articulation. This, of course, may be due in part to the 
lower correlational values and greater range of those values 
for dynamics as compared to articulation.
It can be seen in Table 4 that, in every case, a 
greater percentage of subjects had higher dynamics and lower 
articulation correlations from one trial to another than any 
other condition. This accounts for 48 percent of subjects
Table 3
Excerpt 1: Percentage of Subjects Achieving Higher/Lower
Correlations to Model's Performance from Trial 1 to Trial 2,
Trial 2 to Trial 3, and Trial 1 to Trial 3
Dynamics
T1 - T2 T2 - T3 T1 - T3
Higher correlation 80 60 72
Lower correlation 20 40 28
Articulation
100 100 100
Higher correlation 48 56 56
Lower correlation 52 44 44
100 100 100
Note. T =Trial.
Table 4
Percentage of Subjects Achieving Higher/Lower 
Correlations on Excerpt 1: Dynamics X Articulation, Trial 1 
to Trial 2 , Trial 2 to Trial 3, and Trial 1 to Trial 3
T1 - T2 T2 - T3 T1 - T3
Higher dynamics/articulation 32 32 36
Higher dynamics/lower 
articulation
48 32 36
Lower dynamics/higher 
articulation
12 24 24
Lower dynamics/articulation 8 12 4
100 100 100
from trials 1 to 2. Nearly one-third of all subjects 
increased their correlation coefficients on both factors 
from trials 1 to 2 (32 percent), trials 2 to 3 (32 
percent), and trials 1 to 3 (36 percent). The percentage of 
subjects exhibiting lower correlational values on both 
dynamics and articulation was 8 percent (trials 1 to 2), 12 
percent (trials 2 to 3) and 4 percent (trials 1 to 3). 
Therefore, data would demonstrate that a considerably high 
number of subjects had higher correlation coefficients on at 
least one factor: 92 percent on trials 1 to 2; 88 percent on 
trials 2 to 3; and 96 percent on trials 1 to 3. Thus, 
subjects in general tended to replicate at least one factor 
(dynamics or articulation) of the modeled performance of 
this excerpt better across trials, especially from trials 1 
to 3.
Correlations obtained from all subjects' performances 
of Excerpt 2 are shown in Table 5. An examination of these 
coefficients shows that the range of correlations extends 
from -.244 to .815. Unlike Excerpt 1, correlations obtained 
for articulation were generally lower than those obtained 
for dynamics. The average correlational values for dynamics 
were .360 for trial 1, .421 for trial 2, and .464 for trial 
3. Average correlation values for articulation were .291 
for trial 1, .297 for trial 2, and .301 for trial 3. It is 
clear that in comparison with Excerpt 1, correlations 
obtained in this excerpt were much lower. Only four 
performances with respect to dynamics yielded correlation 
coefficients above .70, and only two performances with
Table 5
Excerpt 2: Correlations between Model's and Subjects1’ 
Performances
Trial 1 Trial 2 Trial 3
Ss D A D A D A
1 .747* .151 .510* .250 .621* .357
2 -.185 .573* .353 .665* .151 .696*
3 .438* .505* .230 .440* .084 .678*
4 .127 .093 .587* .406 .478* .359
5 .393 .515* .392 .520* .656* .600*
6 .343 .279 .388 .084 .383 .251
7 .181 .111 .104 -.077 .066 .109
8 -.153 .354 .144 .493* .190 .585*
9 .590* .413 .538* .735* .633* .444*
10 .140 .405 .039 .250 .409 . 179
11 .634* .323 .675* .395 .578* .386
12 .564* -.089 .669* .227 .574* -.011
13 .429 .586* .346 .710* .584* .648*
14 .078 .498* . 188 .096 .216 .542*
15 .554* -.182 .699* -.214 .815* -.210
16 .415 .513* .399 .418 .414 . 165
17 .311 .228 .304 .434* .519* .489*
18 .486* -.007 .215 .103 .527* .051
19 .257 .629* .572* .552* .547* -.022
20 .601* .527* .614* . 154 .490* .458*
21 .272 -.025 .405 .059 .463* .326
22 .407 -.232 .574* -.244 .663* -.142
23 .351 .518* .231 . 380 .135 -.010
24 .563* .371 .723* .321 .725* .407
25 .461* .663* .622* .488* .676* .580*
Note. D = Dynamics; A = Articulation. 
* £  < .01
respect to articulation yielded coefficients above .70.
The ranges of correlational values for dynamics across 
the three trials were: -.153 to .747 (trial 1), .039 to .723 
(trial 2), and .066 to .815 (trial 3). Correlation values 
on articulation ranged as follows: -.232 to .663 (trial 1), 
-.244 to .735 (trial 2), and -.142 to .696 (trial 3). Thus, 
although the ranges of correlational values for articulation 
and dynamics were nearly the same across the three trials 
for this excerpt, average values for dynamics were higher 
than average values for articulation for every trial. Thus, 
data suggest that Excerpt 2 was more difficult for subjects 
to perform exactly like the model performance with respect 
to articulation and dynamics than Excerpt 1. Further, it 
would seem in this excerpt that imitating the articulation 
was a more difficult task than imitating the dynamics.
Even though individual performers did not always follow 
the general pattern, Table 6 shows that the percentage of 
subjects demonstrating higher correlations increased from 
one trial to another. With respect to dynamics, 56 percent 
had higher correlations from trials 1 to 2, 60 percent 
increased from trials 2 to 3, and 72 percent from trials 1 
to 3. Likewise, with respect to articulation, 48 percent 
had higher correlations from trials 1 to 2, 60 percent 
increased from trials 2 to 3, and 64 percent showed higher 
correlations from trials 1 to 3. Table 7 illustrates the 
percentage of subjects obtaining higher/lower correlations
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Table 6
Excerpt 2: Percentage of Subjects Achieving Higher/Lower 
Correlations to Model's Performance from Trial 1 to Trial 2, 
Trial 2 to Trial 3, and Trial 1 to Trial 3
Dynamics_________________ T1 - T2______T2 - T3______T1 - T3
Higher correlation 56 60 72
Lower correlation___________ 44__________ 40___________ 28
100 100 100
Articulation____________ T1 - T2______T2 - T3______T1 - T3
Higher correlation 48 60 64
Lower correlation__________ 52___________ 40___________ 36
100 100 100
Table 7
Percentage of Subjects Achieving Higher/Lower Correlations 
on Excerpt 2: Dynamics X Articulation, Trial 1 to Trial 2, 
Trial 2 to Trial 3, and Trial 1 to Trial 3
T1 - T2 T2 - T3 T1 - T3
Higher dynamics/articulation 24 40 52
Higher dynamics/lower 
articulation
32 20 20
Lower dynamics/higher 
articulation
24 20 12
Lower dynamics/articulation 20 20 16
100 100 100
with respect to both dynamics and articulation from one 
trial to another. It shows that 24 percent achieved higher 
correlations on both dynamics and articulation from trials 1 
to 2. From trials 2 to 3, 40 percent obtained higher 
correlations, and from trials 1 to 3, 52 percent had higher 
correlations on both factors. Compared with Excerpt 1, 
however, the percentage of subjects who obtained lower 
correlations on both factors across trials was higher, 20 
percent from trials 1 to 2, 20 percent from trials 2 to 3, 
and 16 percent from trials 1 to 3. Results indicated, 
therefore, that more than half the subjects had higher 
correlation coefficients from trials 1 to 3 on both 
articulation and dynamics, while 32 percent of the subjects, 
additionally, had higher correlation coefficients from 
trials 1 to 3 on either dynamics or articulation. More 
subjects showed higher correlations from trials 1 to 3 on 
both articulation and dynamics than any other condition.
Correlations obtained for all comparisons of subjects' 
and model's performances of Excerpt 3 (Bach fugal subject 
from Fugue in A minor, WTC II) are shown in Table 8. Again, 
correlations between subjects' and model's performances were 
obtained with respect to the two factors, dynamics and 
articulation. Correlations obtained for dynamics ranged 
from -.404 to .839. Articulation correlations ranged from 
.489 to .961. Thus, as in Excerpt 1, the range of 
correlational values for dynamics is greater for the excerpt 
than does the range of correlational values for
Table 8
Excerpt 3: Correlations between Model's and Subjects' 
Performances
Trial 1 Trial 2 Trial 3
Ss D A D A D A
1 .344 .764* .654 .816* .661 .725*
2 -.404 .711 .399 .730* . 108 .630
3 .017 .777* .376 .780* .497 .827*
4 .030 .852* .208 .918* .500 .791*
5 -.110 .725* .350 .609 .299 .609
6 -.031 .873* -.077 .773* -.114 .764*
7 .451 .750* .379 .718* .663 .534
8 .295 .693 .288 .927* .208 .836*
9 .388 .627 .621 .489 .486 .691
10 .428 .700 .107 .748* .283 .864*
11 .140 .791* .129 .943* .028 .961*
12 .021 .573 -.017 .627 .161 .555
13 .699 .720* .266 .825* .318 .691
14 .594 .709 .664 .661 .285 .773*
15 .240 .614 .114 .807* .241 .934*
16 .131 .764* .346 .668 .196 .673
17 .215 .600 . 103 .682 .086 .805*
18 .044 .761* .236 .720* .357 .800*
19 . 187 .784* .142 .643 .299 .616
20 .273 .752* .610 .807* .121 .800*
21 .045 .820* .364 .727* .472 .839*
22 -.297 .793* -.156 .720* .010 .809*
23 .252 .618 .839* .709 .147 .736*
24 .379 .657 .290 .655 .334 .693
25 .192 .900* -.503 .655 .271 .627
Note. D = Dynamics; A = Articulation. 
*2 < -01
articulation. The average correlations for dynamics in each 
trial were as follows: trial 1, .181; trial 2, .269; and 
trial 3, .277. The average correlations for articulation in 
each trial were: trial 1, .729; trial 2, .741; and trial 3, 
.751. Correlations were consistently higher for 
articulation than for dynamics in this excerpt. No subject 
obtained a correlation greater than .70 with respect to 
dynamics on trials 1 or 3. Only one subject obtained a 
correlation greater than .70 on dynamics on trial 2. This 
is contrasted with the fact that 72 percent of all subjects 
obtained correlations greater than or equal to .70 with 
respect to articulation on trial 1; 64 percent on trial 2; 
and 60 percent on trial 3. Therefore, as in Excerpt 1, it 
may have been easier for subjects to replicate the model's 
articulation than his dynamics. This is contrasted with the 
results in Excerpt 2 in which the model's dynamics may have 
been easier to replicate than his articulation.
Table 9 presents a summary of increasing or decreasing 
correlations by subject from trials 1 to 2, trials 2 to 3, 
and trials 1 to 3. A comparison between dynamics and 
articulation correlations shows that 52 percent of subjects 
had a higher correlation from trials 1 to 2 on both dynamics 
and articulation. From trials 2 to 3, 56 percent of 
subjects had a higher correlation on both dynamics and 
articulation. From trials 1 to 3, 60 percent of subjects 
had higher correlations with the model for dynamics; 56
percent had higher correlations with the model across these 
trials for articulation. Thus, subjects demonstrated almost 
equal amounts of success in increasing the relationship of 
their performance of dynamics and articulation to the 
model's performance from trials 1 to 2, trials 2 to 3 and 
trials 1 to 3. Even though correlational values for 
dynamics were generally much lower than for articulation in 
this excerpt, more than half of the subjects were able to 
increase the relationship to the model's performance on 
dynamics across all trials, and more than half of the 
subjects were able to increase the relationship to the 
model's performance on articulation.
The percentage of subjects obtaining higher 
correlations with the model with respect to both dynamics 
and articulation from one trial to another is illustrated in 
Table 10. It shows that 24 percent achieved higher 
correlations with the model on both dynamics and 
articulation from trials 1 to 2. From trials 2 to 3, 28 
percent obtained higher correlations, and from trials 1 to 
3, 24 percent had higher correlations on both factors. As 
in Excerpts 1 and 2, fewer subjects demonstrated lower 
correlations to the model on both dynamics and articulation 
from one trial to another than subjects who achieved 
correlations to the model on one or both factors of dynamics 
and articulation. From trials 1 to 2, 20 percent achieved 
lower correlations to the model on both articulation and 
dynamics; from trials 2 to 3, 16 percent achieved lower
Table 9
Excerpt 3: Percentage of Subjects Achieving Higher/Lower
Correlations to Model's Performance from Trial 1 to Trial
Trial 2 to Trial 3, and Trial 1 to Trial 3
Dynamics T1 - T2 T2 - T3 T1 - T3
Higher correlation 52 56 60
Lower correlation 48 44 40
100 100 100
Articulation T1 - T2 T2 - T3 T1 - T3
Higher correlation 52 56 56
Lower correlation 48 44 44
100 100 100
Table 10
Percentage of Subjects Achieving Higher/Lower <Correlations
on Excerpt 3: Dynamics X Articulation^ Trial 1 to Trial 2,
Trial 2 to Trial 3, and Trial 1 to Trial 3
T1 - T2 T2 - T3 T1 - T3
Higher dynamics/articulation 24 28 24
Higher dynamics/lower 
articulation
28 28 36
Lower dynamics/higher 
articulation
28 28 32
Lower dynamics/articulation 20 16 8
100 100 100
correlations; and from trials 1 to 3, 8 percent achieved 
lower correlations to the model on both articulation and 
dynamics. These percentages are consistent with data for 
Excerpts 1 and 2 in that considerably more subjects 
increased their correlations with the model on at least one 
of the factors (dynamics or articulation) across all trials 
than subjects who did not.
A summary table displaying the percentages of subjects 
achieving higher and lower correlations with the model 
across all three excerpts (see Table 11) shows that for 
dynamics more subjects had higher correlations from trials 1 
to 3 (68 percent) than trials 1 to 2 (62.7 percent) or 
trials 2 to 3 (58.7 percent). The same was true for 
articulation, in that more subjects had higher correlations 
from trials 1 to 3 (58.7 percent).
Concerning the degree of correlation across trials, 
Table 11 also shows the percentages of subjects who had 
higher or lower correlations on combined factors of dynamics 
and articulation. Only 9.3 percent of subjects had lower 
correlations on both factors from trials 1 to 3, while 37.3 
percent had higher correlations on both factors across those 
trials.
Questionnaire
A post-experimental questionnaire was administered to 
assess particular aspects of prior modeling experience of 
the participants involved in this study. A computation of 
percentages of responses to questions on the rating portion
Table 11
Percentages of Subjects Achieving Higher/Lower Correlations 
Across Three Excerpts: Dynamics X Articulation X Trials
Dynamics T1 - T2_______T2 - T3_______T1 - T3
Higher correlation 
Lower correlation
62.7
37.3
58.7
41.3
68.0
32.0
100.0 100.0 100.0
Articulation T1 - T2 T2 - T3 Tl - T3
Higher correlation 
Lower correlation
49.3
50.7
57.3
42.7
58.7
41.3
100.0 100.0 100.0
Dynamics and 
articulation T1 - T2 T2 - T3 Tl - T3
Higher dynamics/ 
higher articulation 26.7 33.3 37 .3
Higher dynamics/lower 
articulation 36.0 26.7 30.7
Lower dynamics/higher 
articulation 21.3 24.0 22.7
Lower dynamics/ 
lower articulation 16.0 16.0 9.3
100.0 100.0 100.0
of the questionnaire is shown in Table 12. It can be seen 
from this that 84 percent of the subjects indicated that 
their piano instructors practiced modeling, or 
demonstration, in their applied lessons. Further, 60 
percent said they were asked to imitate the dynamics of 
excerpts played by their instructors "always" or "most of 
the time." 52 percent were asked to imitate the 
articulation of their instructors "always" or "most of the 
time." 88 percent of the subjects felt that modeling by the 
teacher was helpful in learning piano literature. Most (96 
percent) felt that a good piano teacher should be able to 
demonstrate expressively in order to teach expressive 
concepts.
Other issues addressed on the subject questionnaire 
concerned the action of the keyboard, the sound produced by 
the keyboard, the difficulty level of the task subjects were 
asked to perform, and subjects' opinion concerning the use 
of modeling as a teaching technique.
Results from the questionnaire indicated that, 
concerning the action of the Clavinova, subjects generally 
felt that the action responded well and was a very close 
approximation to acoustic pianos. In regard to the sound 
produced by the Clavinova, most felt that it sounded like an 
acoustic piano, although as filtered through a recording 
device.
Concerning the difficulty of the task, most thought 
that it was not difficult. Some indicated that the
difficulty level varied from one excerpt to another.
Most of the subjects interviewed conveyed opinions that the 
use of modeling as a teaching technique is quite valid.
Some stated that the technique should be used 
discriminately. Some felt that modeling with verbal 
explanation is helpful, while others stated that modeling is 
helpful when the verbal explanations are not clearly 
understood. Others commented on the idea that modeling is 
sometimes exaggerated by the teacher to emphasize some 
aspect of performance. The idea of the use of modeling for 
suggestive purpose only in teaching was also stated.
Table 12
Percentages of Subjects Rating Responses to Questions 
Concerning Modeling Experience
Modeling guestion
Rating
Extent to which a subject's applied
teacher uses modeling as a teaching 32 52 16
technique
Extent to which a subject is asked
to imitate modeled dynamics in 16 44 40
the applied studio
Extent to which a subject is asked
to imitate articulation in the 16 36 48
applied studio
Extent to which a subject finds the
technique of modeling helpful in 40 44 16 0
learning piano literature
Extent to which a subject listens to
artists' recordings as an aid to 4 28 64 4
studying articulation
Extent to which a subject listens to
artists' recordings as an aid to 4 36 52 8
studying dynamics
Extent to which a subject feels that a
teacher should be able to demonstrate 72 24 4 0
expressively
Note. 4 = Always; 3 = Most of the Time; 2 = Occasionally; 
= Never.
CHAPTER 4
DISCUSSION
The purpose of this study was to investigate 
relationships among model performances and performances by 
graduate and undergraduate piano majors attempting to 
replicate the model performances. These relationships were 
investigated specifically with respect to the performance 
measures of articulation and dynamics of three Bach fugal 
excerpts. Subjects (N=25) were presented with a pre­
recorded performance by a model and then instructed to 
perform the modeled excerpt, reproducing the articulation 
and dynamic level of each note relative to one another as 
closely as possible. After hearing the excerpt as played by 
the model again, subjects were asked to perform the excerpt 
a second time. Upon hearing the excerpt a third time, the 
subjects again performed the excerpt. This procedure of 
three identical performances by the model and three trials 
by each subject was repeated for the second and third 
excerpts. The results indicated that in general, across all 
three excerpts a majority of the performances by the 
subjects had a higher correlation with the model's 
performances from trials 1 to 3 regarding both dynamics and 
articulation.
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Articulation
Any discussion of results in this study must 
necessarily begin with reviewing precisely what the nature 
of the task was. This of course involved a modeled 
performance of three Bach fugal subjects. The performance 
variables under consideration here were articulation and 
dynamics. Within the procedures chosen for the measurement 
of articulation, the precise measurement of each individual 
note within an excerpt was obtained both for the model's 
performance and subjects' performances. Since the task 
presented to the subjects involved imitating the model as 
closely as possible it is important in discussing the 
results to examine more closely how the excerpts were 
performed by the model.
Figures 5, 8, and 10 (see pages 30, 35, and 37 
respectively) graphically show the articulation of the model 
for each excerpt by plotting each note of the excerpt in 
terms of deviation from the absolute value of a given note 
in "ticks." It will be recalled that notes plotted above or 
on the zero axis are considered legato and any notes below 
the zero axis are considered staccato. The distance a note 
is below the zero axis is an indication of the level of 
staccato relative to the notational value (e.g. eighth note) 
for a given note.
Excerpt 1 contained twenty notes. Of these, nine were 
staccato and ten were legato. The final note of the excerpt 
was not included in the analysis. Thus, the number of
staccato versus legato notes in the first excerpt is 
approximately the same. It can also be seen from the 
figures that the greatest deviations from the absolute value 
occur for staccato eighth notes. In Excerpt 1 the range of 
staccato eighth notes was 22 to 60 ticks, the rounded 
equivalent of ^  to ^  (refer to Table 1, page 29). The 
range of staccato sixteenth notes was 52 to 60 ticks, or the 
notational equivalent of ^  . There seems to be little 
difference between durations of staccato eighth notes and 
staccato sixteenth notes. The mean correlation to the model 
of all subjects' performances was the highest (.776) for 
this excerpt. Sixty-one of seventy-five performances 
demonstrated correlations of .70 or higher. This number of 
high positive correlations is probably attributable to the 
even number of staccato and legato notes, and the fact that 
the articulation relates to a fairly consistent rhythmic 
scheme.
In contrast, Excerpt 2 seems to have been much more 
difficult. The graph (Figure 8, page 35) shows thirty 
notes, of which twenty-five are staccato. Most of the 
durational values are consistent for staccato notes. The 
range of values for both eighth and sixteenth notes is 39 to 
85 ticks, notationally equivalent to the range of J^to . K  
There seems to be no differentiation of staccato between 
eighth notes and sixteenth notes. Correlations obtained for 
subjects' performances with the model's performance indicate 
a mean correlation of .310. The range of all computed
correlations was -.244 to .735. Thirteen of the seventy- 
five performances correlated negatively with the model on 
articulation. There were only two correlations above .70.
Perhaps this can best be explained by the difficulty of 
the modeling task for this excerpt. Length alone probably 
contributed to the difficulty factor. The subject had to 
relate the durations of twenty-five staccato notes, of which 
twelve were eighth notes and thirteen were sixteenth notes. 
Yet, of these twenty-five notes, no real quantitative 
differences were produced by the model with regard to the 
note values themselves. Staccato eighth-notes exhibited a 
range of 40 to 70 ticks, and sixteenth notes had a range of 
39 to 85 ticks. The constricted range of staccato note 
values coupled with the disproportionate number of staccato 
versus legato notes is probably the underlying reason for 
the over-all low correlation between subjects and model.
The graph in Figure 10 (page 37) shows the articulation 
as performed by the model in Excerpt 3. This twelve-note 
excerpt was the shortest of the three. The first four notes 
are legato and the remaining seven are staccato. (The final 
note was not considered in the articulation analysis.) The 
first four notes illustrate the concept of overlapping of 
notes as a characteristic of legato. Some piano pedagogues 
do not feel that overlapping of successive notes achieves a 
legato effect. Gat (1965, p.68) says: "...an 'over-holding' 
of the tones is advocated by many methods in order to attain 
a legatissimo effect. However, if the previous tone is
still held when the new one is already sounding, a 
disturbing dissonance will result which is also conspicuous 
and does not give any legatissimo effect, nor even an 
acceptable legato effect." Although it is recognized that, 
for the hearer, legato is a subjective quality, it is 
believed by the researcher on the basis of repeated 
listenings to performances characterized by this overlapping 
in this study, that legato effects are at least partially a 
function of overlapping.
Bengtsson and Gabrielsson (1983) noted that there are 
different degrees of legato as well as staccato, but the 
diagram illustrating the concepts of legato, staccato and 
portato does not take this into consideration (see Figure 1, 
page 8). No research to present has been done to determine 
whether, and to what extent, legato and overlapping can be 
aurally discriminated.
The remaining seven notes in Excerpt 3, all eighth- 
notes, exhibit a staccato ranging from 51 to 98 ticks, or a
this excerpt are similar to those obtained for Excerpt 1.
The mean correlation was .737 with a range of .489 to .961. 
Forty-nine of the seventy-five performances had 
correlational values of .70 or above. This relatively large 
number of high correlations, especially in contrast to 
Excerpt 2, is probably due to the clarity of the excerpt.
The articulation is marked by four legato quarter notes 
followed by seven staccato eighth-notes. The positions of
notational equivalent roughly of to Results of
the two shortest eighth-notes, first and penultimate, also 
contribute to easier identification and imitation.
In general for these three excerpts, results suggest 
that correlations between the modeled performance and 
individual subjects' performances were higher in excerpts 
with a small number of notes and having an evenly 
distributed ratio of legato to staccato notes. Further, it 
would seem that short term memory, necessary to reproduce a 
modeled performance, must be aided by some structural or 
rhythmic characteristics of the model. This was the case in 
Excerpt 1 with the repeated rhythmic motif as well as in 
Excerpt 3 with the separation of all legato notes from the 
staccato notes. Excerpt 2, in contrast, had more subtle 
differences within the notes performed staccato, thus was 
more difficult to imitate precisely.
Improvement across trials 
One of the primary intents of this study was to 
investigate the effect of repeated model presentations on 
the subsequent performances of the subjects. Specifically, 
this study has addressed the issue of the accuracy of the 
subjects' articulation of musical excerpts in relation to a 
modeled performance. Because modeling as a teaching 
technique is used so extensively throughout teaching 
situations in applied piano study (Kostka, 1984), it seemed 
appropriate to investigate how well students can imitate a 
performance with respect to some aspect of that 
performance. In dealing with articulation in this study, it
was found that subjects were more accurate from Trials 1 to 
2 and from Trials 2 to 3 on each of the three excerpts, 
though improvement from Trials 2 to 3 was generally only 
slight. Considering the complexity of the task, it is 
interesting that the trend toward greater accuracy was 
consistent across trials. Because of the precision involved 
in measurement (subdivision of a quarter note into 480 
ticks), it is reasonable to assume that two performances by 
the same individual would have several differences. The 
limitations of motor control would seem to produce 
differences even in highly-skilled performers. In spite of 
a presumed motor coordination limitation subjects still 
improved in relation to the model. In comparing average 
correlations across trials Excerpts 2 and 3 showed subjects 
increasing the level of correlation with the model across 
all three trials. There was a decrease in Excerpt 1 across 
trials, but only within a range of .787 to .758. A majority 
of subjects had higher correlations with the model from 
Trials 1 to 3 (Excerpt 1, 72 percent; Excerpt 2, 72 percent; 
Excerpt 3, 60 percent). It seems, then, that subjects 
achieved higher correlations with the model across trials. 
Thus, having heard the excerpts re-played and having had the 
opportunity to play again seems to have had a positive 
effect on the articulation accuracy of performances relative 
to a model in repeated performances.
Dynamics
The dynamics of individual notes of each performance 
were compared with those of the modeled performances of the 
three excerpts chosen. It must be stated again that the 
measurement of this variable was a function of velocity of 
key stroke as was digitally recorded using MIDI controllers 
and the computer software program. The measurement of 
velocity encompassed a possible range of 1 to 127.
In any study of auditory discrimination the stimulus 
presentation is an important aspect of consideration. The 
present study was designed to investigate modeling in the 
context of musical examples and to assess relationships 
between performances by a model and subjects. It is 
believed that although the measurement scale of velocity may 
appear arbitrary, it provides a means by which to assess 
relative dynamic structures of musical material. Further it 
is believed that these data are valid for making comparisons 
in that each subject received exactly the same stimulus 
presentations as did every other subject.
It is also believed that the Spearman rho provides an 
appropriate formula for comparing performances of a model 
with those of a subject. Each note in a performance was 
recorded and a numerical value from 1 to 127 was obtained 
for each note. This provided a context in which rank 
ordering was possible for every note within a performance. 
Thus, comparison of these ranks between two performances 
(model and subject) allowed for the computation of a
Spearman rank order correlation coefficient, thereby 
assessing the relationship between the performances.
When discussing a measure of velocity (or speed of 
keystroke) in relation to the measurement of dynamics it 
must be understood that this relationship is affected by 
other factors. Auditory research has shown that loudness (a 
subjective sensation) depends on both energy and frequency 
(Stevens, 1934, 1935; Terrace & Stevens, 1962; Stevens & 
Guirao, 1964). Two pitches of equal energy but different 
frequency will not be perceived as equal in terms of 
apparent loudness. No attempt has been made in this study 
to accurately assess the intensity/frequency relationship 
within the context of the musical stimuli used. Each 
excerpt, however, encompassed a melodic range no greater 
than a ninth (Excerpts 2 and 3). Excerpt 1 spanned a 
seventh. Further study is needed to investigate the effect 
of pitch level on perceived loudness in a musical context.
Another consideration is the ability of the human ear 
to discriminate levels of loudness. Although Fletcher and 
Munson (cited in Patterson, 1974, p. 80) found that 
listeners could perceive accurately at a level of .3 
decibels in a highly controlled environment, discriminating 
within a musical context is much more difficult. According 
to Patterson (1974, p. 80): "In musical context, a variation 
in intensity of five decibels or even more can go unnoticed 
by the human ear." Considering that most musical 
instruments are limited to a decibel range of 15 decibels
(Backus, 1977, pp. 95-96), it is curious that a range of no 
less than thirty decibels isrequired to produce six discrete 
levels of dynamics. This range would be needed to produce 
the six levels that composers from Beethoven's time forward 
have utilized: pianissimo, piano, mezzo piano, mezzo forte, 
forte, and fortissimo.
No attempt was made in this study to accurately 
investigate and report decibel readings for performances in 
the study. However, out of curiosity to see how the range 
of velocities related to decibel readings within one of the 
excerpts, a decibel meter was employed. Under controlled 
conditions an audiologist measured the range of velocities 
as performed by the model. The results showed that these 
values encompassed a 15 decibel range for the excerpt.
Thus, according to Patterson (1974), the dynamic range would 
be limited to only three discernible dynamic levels.
Results of this study in terms of reproduction of the 
dynamics of a modeled performance reveal that this was a 
difficult task for the subjects. Of all performances of the 
three excerpts (N = 225) by the subjects, only thirty-eight 
obtained correlations of .70 or higher with the model's 
performances. This would seem to support Patterson's 
suggestion of unnoticeable differences in aural 
discrimination.
The model's performance of Excerpt 1 exhibited the 
largest range of velocity (66 to 107) with forty-one 
levels. The mean correlation of subjects' performances with
the model's performance (.645 for all performances) was 
highest for this excerpt in comparison with the others .
The range of correlations was .083 to .927 with thirty-three 
performances obtaining a correlational value of .70 or 
greater.
Excerpt 2 as performed by the model had a velocity 
range of thirty-seven (59 to 96). Yet, the values of the 
thirty-one notes in this performance were not evenly 
distributed within that range. Twenty-six of the notes 
actually fell within a range of 70 to 89, with two notes 
below that range and three notes above. Thus, it is more 
characteristic to say that the velocity range was more 
practically constricted to twenty. The mean correlation of 
subjects'performances with the model's performance was .415, 
with values ranging from -.153 to .815. Only four 
performances obtained a correlational value of .70 or 
greater. The disparity between the number of performances 
which correlated with the model at a level of .70 or greater 
for this excerpt and the number for Excerpt 1 is probably a 
function of the range of intensity since this was more 
limited than that of Excerpt 1. It is reasonable to assume 
that it is probably not a function of the intensity/ 
frequency relationship mentioned earlier because the range 
of pitches of these two excerpts is approximately the same: 
Excerpt 1, Eb (311.13 Hz) to D (587.33 Hz); Excerpt 2, D 
(293.66 Hz) to E (659.26 Hz).
A comparison of performances by the subjects to that of
the model on Excerpt 3 reveals that only one performance 
obtained e. correlational value greater than .70 for this 
excerpt. The mean correlation for all subjects' 
performances with the model was .242. This is even lower 
than the mean value for Excerpt 2. The intensity range for 
the model's performance was 83 to 102 (19 levels).
Excluding the highest and lowest values reveals a more 
constricted range of intensity (85 to 98) on ten of the 
twelve notes. Subjects showed greater individual 
variability with respect to the model in this excerpt than 
in either of the other excerpts (ranging from -.404 to 
.839).
Thus, correlational data suggest that the more 
constricted the range of velocity values within the excerpt 
as performed by the model, the lower the mean correlations 
of all subjects' performances with the model's performance. 
Within a more limited range, fewer subjects were able to 
obtain correlational values .70 or greater. Further, there 
seems to be wide variability of individual performers with 
respect to the ability to imitate the dynamics of a modeled 
performance. It is not known whether this is a function of 
aural discrimination ability or the physiological ability to 
perform what is intended.
Improvement across trials
In addressing the issue of subjects' abilities to 
imitate a modeled performance with great precision, this 
study had subjects perform excerpts three times in close
succession with the modeled performance heard between 
subject trials. This was done in order to determine whether 
repeated hearings and trials contributed to increased 
accuracy by subjects in imitating the model performance. 
Previous studies have suggested that modeling as a teaching 
technigue is effective in helping instrumentalists perform 
dynamics more accurately (Rosenthal, Wilson, Evans, & 
Greenwalt, 1986; Rosenthal, 1984). Although these studies 
did not address the issue of improvement across repeated 
trials with repetition of the modeled task, they nonetheless 
suggest that modeling is an effective teaching technique in 
fostering accurate performance on a number of measures. In 
the present study it was found that subjects more accurately 
imitated the model with repeated trials for each of the 
three excerpts. All excerpts showed a progressive increase 
in mean correlational values across all trials. Even though 
correlational values were low in comparison with values for 
articulation, subjects tended to improve the correlation 
with the model from one trial to the next. An examination 
of the percentage of subjects who improved from trials 1 to 
3 reveals 72 percent for Excerpts 1 and 2, and 60 percent 
for Excerpt 3. This supports the view that modeling may be 
effective in teaching expressive content.
The fact that so few performances correlated with the 
model at a value of .70 or greater indicates the complexity 
of the task. Auditory research would indicate that precise 
discrimination as was called for in this experiment might
not be possible in musical contexts (Patterson, 1974). This 
is a possible explanation for the low correlational values 
on dynamics in all excerpts. This, however, does not 
account for individual differences in which a few performers 
did obtain relatively high correlational values with the 
model.
Suggestions for further study 
Present day technology has made possible the 
guantitative measurement of certain performance variables to 
a greater degree than ever before. Gabrielsson (1985) says: 
There are many beliefs and assumptions about 
characteristics of music performance, some of which may 
be correct, while others are wrong. Since we now have 
practically all necessary eguipment. for measurements of 
performance, it seems preferable to rely on 
measurements rather than on beliefs. The measurements 
are often demanding and time consuming, but from an 
empirical point of view there is no acceptable 
substitute for them. (p. 81)
Although a body of research in musical performance is 
beginning to emerge, knowledge in this area is extremely 
limited. It is hoped that an expanded interest and 
involvement of musicians will develop in the future.
This study has attempted to inaugurate an investigation 
into the effectiveness of modeling as a teaching technique. 
More specifically, the question has been raised concerning 
the degree to which music students with a high level of
training can imitate a modeled performance regarding the 
expressive parameters of dynamics and articulation. Since 
no prior research has been done relating directly to these 
issues, many avenues remain to be investigated. There is a 
need for further investigation of the effects of modeling as 
a teaching technique in order to address further issues as 
follows:
(1) Future studies should attempt to assess the level 
of discrimination of staccato and legato by listeners using 
musical examples as stimuli. Subjects could be asked to 
make comparisons of the degree of staccato and legato of 
specified notes. The equipment used in this experiment will 
allow the researcher to vary the duration of individual 
notes without affecting any other parameters such as 
intensity. The ability of subjects to discriminate precise 
durations would seem to be important in relation to the task 
of modeling.
(2) Future research should attempt to assess the level 
of discrimination of dynamics by listeners using musical 
examples as stimuli. This could be accomplished in the same 
way comparisons of duration could be made, as stated in (1) 
above. By assessing discrimination of one parameter (e.g. 
dynamics or duration or tempo) at a time, the researcher 
will remove possible interaction effects of multiple 
expressive components. This will help safeguard against 
effects due to shifting the focus of attention by the 
listener.
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(3) Choice of musical materials as stimuli is an 
important consideration. It is the conviction of this 
researcher that "real" musical examples are available for 
practically any investigation. Since teachers in the 
applied setting use "real" music, it seems that modeling 
should be studied in this context, rather than through the 
use of synthetic examples. Obviously, the difficulty of the 
modeling task would be related to what materials are used. 
Future research should include modeling situations using 
excerpts of fairly short length. Studies might utilize one 
excerpt with several different articulation possibilities as 
modeled stimuli. The degree to which subjects are 
familiar/unfamiliar with musical excerpts should be 
ascertained when using authentic musical materials.
(4) Future research should investigate the effect of
modeling upon subjects of differing levels of musical 
development. Musical materials and modeling tasks suited to 
beginners as well as advanced musicians should be developed 
in order to study modeling in the context of various levels 
of development.
(5) Future research should investigate the effect of
different types of model presentations. The type used in
the present study was aural only. Other possibilities could 
include aural/visual (by using video-taping equipment), or 
aural with verbal description to direct the attention of the 
subject. Models with exaggerated tasks should also be
studied since teachers often exaggerate in order to 
illustrate expressive concepts. Studies which compare the 
efficacy of these various types of models should be done.
(6) Future studies should investigate the effect of 
modeling over various periods of time. The present study 
used a model with repetitions of the task presentation 
immediately after one another. The issue of improvement 
over longer periods of time should be studied.
(7) Future research should investigate the issue of 
feedback given to the subject as interventions in the study 
of modeling. The design of the present study did not 
include any form of feedback to the performers as to how 
they had performed with reference to the model. It seems 
that in many music learning situations verbal feedback is a 
normal part of the learning process. Many times teachers 
respond in some way to the student's performance.
(8) Future studies should control for as many factors 
as possible. The concept of modeling is a complex question 
to study. Even considerations as basic as fingering of the 
notes of a musical example can affect the performance
data.
(9) Future research should study modeling with respect 
to musical concepts other than articulation and dynamics. 
Tempo fluctuation, as in rubato, accelerando, and 
ritardando, or expressive lengthening of notes for agogic 
accents could be studied in a modeling context.
The equipment used in the present study was designed in
a manner conducive to the study of piano performance. 
Modeling should also be studied in the context of other 
performance media (e.g. brass, woodwinds, vocal, etc.). 
However, some precise measurement system would need to be 
devised in order to assess performance variables.
SUBJECT
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INFORMATION SHEET
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SUBJECT INFORMATION FORM
Name_______________________________________
Degree Program  ____________
Y ea rs  o f fo rm a l p ia n o  s tu d y ___________
Age as of March 1, 1988______________
Have you ever played/studied the follow ing Bach fugues? 
Yes No
    Fugue in C Minor, No. 2, WTC Vol. I
    Fugue in 6 Major, No. 15, WTC Vol. I
    Fugue in A Minor, No. 20, WTC Vol. 11
Mailing address____________________________________
Phone Number where you can be reached_______________
APPENDIX B 
QUESTIONNAIRE FOR PARTICIPANTS
Questionnaire tor participants
Always Most of Occasionally Never
time Does your teacher use the technique of modeling ur
  ----------  ----------  ----------  demonstration in your piano lessons?
Are you ever asked to imitate an example in your lessons 
        with respect to dynamics of individual notes in a demon­
stration by your teacher?
Are you ever asked to imitate 8n example in your lessons 
with respect to articulation of individual notes in a 
  ----------  ----------  ----------  demonstration by your teacher?
I find the technique of teacher demonstration/student 
         imitation helpful in learning piano literature
I listen to phonograph recordings of artists in order to hear 
how they articulate passages and phrases within the piano 
 ____________________       literature I study.
I listen to phonograph recordings of artists in order to hear 
how they use dynamics in particular passages and phrases 
 ______________________     within the piano literature I study.
I feel that a good piano teacher should be able to demon­
strate aspects of expressivity by playing short excerpts 
 _____________________      in order to teach expressivity to the student
Please complete the following statements briefly, adding any comments which you feel would be 
helpful to the researcher in this project:
.Concerning the action of the Clavinova keyboard, I feel
Concerning the sound of the Clavinova, I feel
Concerning the difficulty level o f the task I was asked to do, I feel
Concerning the use o f demonstration (modeling by teacher) as a teaching technique, I feel
APPENDIX C 
DIAGRAM OF EQUIPMENT
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APPENDIX D 
SPECIFICATIONS FOR THE CLAVINOVA CLP 300
Keyboard 
Pedal Control 
Other Controls
Jacks/Connectors
Main Amplifiers 
Speakers
Dimensions
Weight
88 keys (A1 to Cl )
Damper, Soft, SostENUTo
Master Volume, MIDI, Pitch, Power 
Switch
Headphones, Aux. Out L-R, Aux. In 
L-R, MIDI In-Out
Two 20 Watt Amplifiers
Three 12 cm (4 3/4") speakers 
One 5 cm (1 4/5") speaker
Width: 137.4 cm (54 1/5")
Depth: 46.8 cm (18 2/5")
Height: 78.5 cm (31")
45 kg (99.2 lbs.)
APPENDIX E 
ILLUSTRATION OF CONTROL WINDOWS FOR
PERFORMER VERSION 2.2
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APPENDIX F
MUSICAL EXAMPLES 
(as seen by subjects)
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APPENDIX G 
INDIVIDUAL SUBJECT RESPONSES FOR
EACH PERFORMANCE: EXCERPT 1, DYNAMICS
N
O
T
E
S
97
ME1V S1E1T1 S1E1T2 S1E1T3 S2E1T1 S2E1T2 S3E1T1 S3E1T2
t 82 87 94 86 86 80 85 77
2 89 80 91 89 88 87 96 86
3 107 91 91 91 91 94 98 91
4 77 83 86 84 84 87 85 77
5 71 72 75 72 87 91 98 83
6 84 89 92 91 88 89 96 87
7 94 94 92 91 88 94 96 91
8 91 94 100 96 91 91 96 96
9 85 91 96 88 94 91 107 94
to 70 86 82 67 88 88 94 74
I t 85 89 88 US 87 86 94 86
12 84 84 91 92 85 98 98 94
13 94 94 91 87 98 91 96 81
14 84 92 too 100 91 94 107 96
15 81 89 96 98 87 87 96 91
16 81 91 92 94 80 88 100 98
17 91 88 89 92 88 100 112 too
18 76 77 86 77 87 87 103 88
19 66 74 77 81 91 89 91 91
20 69 60 71 72 74 76 103 94
S = Subject 
E = Excerpt 
T = Trial
!_
iJ
83
98
11
?i
80
85
94
94
80
74
86
96
96
92^
92
92
11
81
80
S3E1T3 S4E1T1 S4E1T2 S4E1T3 S5E1T1 S5E1T2
83 91 86 91 91 98
87 91 91 100 94 96
87 94 98 103 91 94
69 91 82 73 96 81
83 87 82 79 96 74
85 88 92 94 92 94
89 96 102 103 88 100
87 94 103 103 105 103
89 94 98 100 91 87
10 82 86 68 73 94 68
1 1 87 87 92 94
12 88 94 98 102 91 100
13 98 96 100 107 103 107
14 88 96 91 107 96 102
15 94 88 91 94 110 100
16 96 98 102 103 100 98
17 100 103 102 96 88 88
18 91 85 88 91 81
19 84 91 86 82 87 84
20 77 91 87 80 65 59
S = Subject 
E = Excerpt 
T = Trial
N
O
T
E
S
99
S6E1T2 S6E1T3 S7E1T1 S7E1T2 S7E1T3 S8EITI S8E1T2 S8E1T3
1 85 83 64 72 92 77 77 85
2 87 88 82 84 94 78 81 85
3 100 91 86 79 94 83 88 87
4 88 94 74 75 70 81 77 84
5 75 67 83 67 85 84 79 89
6 77 80 63 76 83 77 80 80
7 88 86 75 94 85 88 85 85
8 87 98 85 91 87 91 94 82
9 91 100 86 85 85 75 82 85
to 75 73 89 63 58 70 76 80
19 80 84 75 74 86 82 85 82
12 88 89 82 87 87 80 87 77
13 85 98 84 88 87 94 87 8?
14 94 103 86 89 84 85 76 77
15 87 86 80 84 80 76 83 80
16 88 88 69 86 77 76 83 74
17 88 94 91 85 75 85 88 86
18 85 87 76 77 68 80 75 79
19 83 83 64 73 79 72 58 61
28 76 76 58 66 51 66 59 66
S = Subject
E = Excerpt
T = Trial
100
T2~
"87
94
107
8?
85
94
102
103
98
87
88
100
107
100
91
91
102
87
87
82
S9E1TI S9E1T2 S9E1T3 S10E1TI S10EIT2 S10EIT3 S11E1T1
88 100 08 94 96 88 94
86 94 91 102 92 92 91
87 86 89 91 98 94 96
85 75 81 87 94 89 85
83 79 67 87 85 88 83
85 96 98 88 94 91 94
85 94 96 94 86 94 96
94 91 94 94 103 102 107
85 89 88 98 100 94 91
10 77 71 65 86 94 88 75
11 91 92 98 96 83
12 94 92 102 98 105 92 94
13 92 94 100 94 100 89 88
14 98 98 96 100 91 05 103
15 94 96 87 91 89 102 98
16 88 91 88 91 98 86 98
17 81 94 98 98 77 77 98
18 80 77 80 77 73 70 87
19 72 71 70 72 65 67 87
20 59 65 55 63 65 61 79
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
101
S11E1T3 SI2E1T1 S12E1T2 S12E1T3 S13E1TI S13E1T2 S13E1T3
1 91 83 91 92 79 73 74
2 92 86 94 91 85 87 82
3 96 98 107 102 86 85 94
4 87 66 69 86 86 74 72
5 88 77 74 79 83 81 67
6 96 82 89 81 82 76 80
7 103 82 103 94 88 94 85
8 107 91 105 105 92 100 94
9 94 89 100 94 91 91 96
10 88 72 66 61 74 62 80
11 94 77 85 89 77 77 80
12 94 88 94 98 82 84 87
13 107 100 103 92 94 100 98
14 102 94 96 96 88 92 103
15 86 76 88 89 96 91 94
16 92 82 96 91 85 84 86
17 96 91 102 96 79 88 83
18 85 61 82 77 61 72 67
19 83 68 71 73 66 76 81
20 70 58 5? 56 67 74 74
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
1
S14E1T1 S14E1T2 S14E1T3 S15E1T1 S15E1T2 S15E1T3 S16E1T1
1 85 86 87 88 83 77 83
2 86 91 89 83 87 87 75
3 91 89 96 80 94 80 83
4 82 84 88 85 91 75 85
5 85 85 88 66 72 67 77
6 80 88 91 87 92 88 80
7 85 88 94 87 91 88 89
8 92 91 103 89 85 88 94
9 91 91 96 85 92 82 92
to 80 81 85 54 65 70 80
I t 84 88 96 85 91 85 82
12 94 91 91 88 94 88 92
13 88 107 103 75 94 87 89
14 94 96 98 89 91 83 94
15 91 92 98 84 96 79 85
16 88 91 88 83 88 84 91
17 91 96 89 89 82 80 94
18 88 87 91 77 80 74 68
19 81 70 81 59 79 67 67
20 61 61 64 60 64 66 66
S * Subject
E = Excerpt
T = Trial
N
O
T
E
S
103
S16E1T2 S16E1T3 S17E1T1 S17E1T2 S17E1T3 S18E1T1 S18E1T2
1 81 81 91 88 98 80 75
2 79 86 98 91 96 80 82
3 87 94 91 94 94 80 83
4 89 89 88 87 88 80 79
5 85 83 84 70 80 81 80
6 84 81 83 84 91 84 79
7 86 88 94 89 91 87 72
8 100 94 96 103 94 87 80
9 91 91 88 98 98 82 81
10 58 74 74 80 77 75 60
!1 84 80 84 77 81 83 82
12 94 94 91 87 92 85 79
13 96 88 94 94 96 87 85
14 100 94 98 100 92 89 84
15 89 87 85 83 85 91 89
16 86 86 88 88 85 91 88
17 91 94 100 98 81 89 87
18 67 67 81 76 70 83 80
19 67 68 74 61 61 76 70
20 66 64 69 60 60 67 60
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
104
S18E1T3 S19E1T1 S19E1T2 S19E1T3 S20E1T1 S20E1T2 S20E1T3
1 77 85 74 87 91 85 88
2 77 92 89 91 92 94 94
3 86 87 88 89 94 102 100
4 76 87 82 88 66 83 88
5 73 88 64 72 63 88 87
6 85 76 84 91 80 86 85
7 83 85 81 88 91 96 94
8 85 74 94 98 100 103 103
9 85 85 79 83 94 91 94
10 69 87 58 67 75 77 77
11 86 86 89 91 89 84 96
12 85 87 89 92 96 91 100
13 80 98 94 96 94 103 96
14 87 73 91 91 88 91 98
15 84 67 91 88 91 91 91
16 86 91 89 92 88 91 94
17 83 too 88 98 91 88 92
IB 77 85 91 85 70 80 77
19 75 79 80 77 66 67 75
20 67 63 77 61 58 67 63
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
105
S2!EITt S21EIT2 S21E1T9 S22EIT1 S22E1T2 S22E1T3 S2E1T3
1 91 91 87 82 91 94 80
2 94 96 89 94 90 too 83
3 96 102 94 91 94 103 87
4 83 85 59 98 89 81 81
5 89 94 77 80 75 55 83
6 89 88 82 06 94 98 86
7 98 96 91 98 107 112 98
8 103 103 94 103 92 107 103
9 85 82 92 103 91 96 88
10 96 83 67 91 73 82 72
11 98 85 §9 94 86 91 88
12 98 96 94 103 105 100 91
13 92 100 103 103 100 107 98
14 96 91 91 96 96 94 92
15 88 86 82 84 82 75 72
16 88 98 86 80 100 87 81
17 91 96 89 103 110 103 103
18 81 83 77 72 77 71 80
19 76 80 80 67 70 62 87
20 71 72 67 62 58 58 75
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
106
S23E1T1 S23E1T2 S23E1T3 S24E1T1 S24E1T2 S24E1T3 S25E1T1
1 76 77 83 91 80 91 94
2 87 88 83 92 92 too 100
3 85 83 84 88 88 89 103
4 70 74 73 94 88 85 91
5 83 76 77 92 85 82 69
6 81 80 80 86 81 94 85
7 87 85 76 94 96 102 100
8 88 96 83 88 96 102 100
9 85 84 82 100 82 85 94
to 80 72 72 83 61 72 76
I t 83 82 85 96 88 92 81
12 86 85 82 96 94 102 91
13 94 91 82 103 98 98 107
14 88 83 80 103 107 102 100
15 87 80 77 98 91 87 87
16 91 83 76 100 86 94 96
17 96 85 86 96 88 94 103
18 70 63 72 85 72 76 80
19 66 61 72 77 72 72 69
20 50 41 52 77 55 56 56
S = Subject 
E = Excerpt 
T = Trial
N
O
T
E
S
107
S25E1T2 S25E1T3
1 85 77
2 91 94
3 102 102
4 92 91
5 70 77
6 87 87
7 94 94
8 103 102
9 88 92
to 72 72
I I 89 92
12 100 90
13 107 107
14 80 103
15 80 94
16 94 98
17 98 102
18 87 94
19 72 80
20 66 70
S = Subject 
E = Excerpt 
T = Trial
APPENDIX H 
INDIVIDUAL SUBJECT RESPONSES FOR
EACH PERFORMANCE: EXCERPT 1, ARTICULATION
N
O
T
E
S
109
ME1D S1E1TI S1E1T2 S1E1T3 S2E1T1 S2E1T2 S2E1T3 S3E1T1 S3E1T2
1 104 63 126 137 130 139 144 125 109
2 121 72 95 128 151 158 144 84 160
3 51 51 54 56 50 51 57 51 56
4 58 85 75 67 72 64 66 65 58
5 293 257 225 208 261 259 269 268 244
6 106 60 100 95 148 153 140 120 107
7 60 56 76 56 157 160 142 158 138
8 60 65 74 98 60 63 68 69 68
9 60 74 87 74 61 71 63 58 58
10 284 230 215 217 278 280 288 315 221
11 62 67 132 129 144 138 128 132 102
12 52 63 79 78 173 152 148 149 139
13 22 54 97 53 57 70 72 56 04
14 36 71 110 81 85 79 82 52 62
15 139 162 163 162 145 116 127 155 143
16 190 213 172 164 155 150 174 158 160
17 539 655 617 611 458 445 521 553 549
18 110 125 127 137 115 109 132 111 135
19 116 186 155 167 138 124 132 179 167
S = Subject 
E = Excerpt 
T = Trial
N
O
T
E
S
110
S3E1T3 S4E1T1 S4E1T2 S4E1T3 S5E1T1 S5E1T2 S5E1T3 S6E1T1
1 141 68 85 91 149 145 125 125
2 151 84 87 86 95 141 81 139
3 55 63 78 72 72 72 60 56
4 37 74 81 76 51 71 67 62
5 285 213 220 214 283 231 283 199
6 144 102 104 104 67 139 97 121
7 131 84 88 82 67 154 88 135
8 54 74 77 72 56 79 56 67
9 65 65 82 82 66 65 67 66
10 297 197 180 188 276 257 285 269
1! 109 86 105 93 68 122 75 97
12 146 81 83 83 60 169 65 139
13 62 74 86 71 63 79 62 65
14 58 72 97 71 53 79 77 62
15 164 160 148 132 152 158 137 160
16 164 164 157 141 110 151 105 169
17 539 558 553 567 557 556 589 570
18 127 109 125 114 103 109 119 127
19 165 125 141 153 125 113 116 153
S = Subject 
E = Excerpt 
T = Trial
N
O
T
E
S
111
S6E1T2 S6E1T3 S7E1T1 S7E1T2 S7E1T3 S8E1T1 S8E1T2 S8E1T3
1 109 137 l i t 146 74 t ie 116 144
2 144 146 153 160 60 124 159 144
3 58 60 58 94 87 74 95 88
4 61 58 71 135 266 74 112 67
5 264 272 266 250 220 241 278 267
6 125 109 125 105 113 110 125 126
7 109 139 120 147 130 124 134 114
8 60 60 74 106 81 74 78 88
9 60 55 83 109 118 72 81 78
10 277 298 281 268 224 227 229 259
11 123 111 126 125 78 125 123 117
12 118 128 129 145 64 143 150 116
13 62 61 72 113 125 97 79 86
14 59 61 112 134 137 90 101 95
15 145 132 164 169 144 144 204 145
16 178 163 152 178 137 139 189 125
17 607 586 535 555 532 503 538 544
18 133 127 133 164 139 118 123 121
19 138 132 178 178 174 158 144 152
S = Subject 
E = Excerpt 
T = Trial
N
O
T
E
S
112
S9E1T1 S9E1T2 S9E1T3 S10E1T1 S10E1T2 S10E1T3 S11E1T1 S11E1T2
1 116 136 123 141 132 130 123 118
2 134 140 129 81 152 132 181 171
3 72 68 70 57 49 58 72 64
4 67 40 44 57 59 62 63 67
5 211 190 185 227 208 198 246 310
6 114 113 116 97 63 104 126 139
7 135 141 137 66 58 62 174 163
8 71 76 73 52 53 61 79 78
9 62 54 49 50 58 60 85 72
to 283 209 204 195 248 209 308 313
11 116 112 114 72 119 88 128 118
12 139 141 145 59 76 65 94 162
13 82 73 78 53 59 60 93 65
14 53 54 55 54 64 26 84 79
15 168 158 170 116 107 135 116 157
16 170 162 171 146 144 141 113 193
1? 497 512 498 486 487 544 567 619
18 99 107 101 126 118 104 109 108
19 123 125 137 141 144 153 155 150
S = Subject 
E = Excerpt 
T = Trial
N
O
T
E
S
113
S11E1T3 S12E1T1 S12E1T2 S12E1T3 S13E1T1 S13E1T2 S13E1T3
1 95 59 71 109 134 127 111
2 59 35 54 141 162 173 158
3 88 47 47 51 71 88 62
4 74 58 257 60 68 93 63
5 253 70 198 257 158 161 173
6 109 103 115 102 111 98 109
7 146 121 69 132 142 171 174
8 70 51 47 45 77 83 71
9 59 23 62 32 76 81 78
10 223 290 279 285 130 127 144
11 57 86 105 109 102 104 118
12 61 53 149 128 146 160 167
13 58 35 74 70 77 88 85
14 85 25 57 49 69 69 81
15 82 96 135 123 103 144 151
16 83 162 176 164 144 157 171
17 544 494 475 510 477 449 451
18 73 90 102 106 91 83 118
19 122 139 148 152 63 71 88
S = Subject 
E = Excerpt 
T = Trial
N
O
T
E
S
114
S14E1T1 S14E1T2 S14E1T3 S15E1T1 S15E1T2 S15E1T3 S16E1T1
1 108 109 106 149 128 130 111
2 140 132 155 153 167 152 130
3 62 66 72 91 79 86 44
4 65 62 60 87 84 78 47
5 85 160 180 189 180 172 196
6 104 100 95 152 138 134 137
7 143 118 144 163 145 169 122
8 79 76 63 95 99 108 49
9 61 67 56 63 88 77 67
to 280 218 240 197 170 167 216
11 107 91 102 134 127 122 125
12 137 141 134 132 150 153 111
13 68 53 51 86 89 98 76
14 60 57 57 72 74 78 58
15 143 108 88 138 136 143 169
16 169 142 72 283 142 162 185
17 546 488 540 539 521 503 567
18 137 117 123 95 101 82 115
<9 167 148 141 123 132 130 186
S = Subject 
E = Excerpt 
T = Trial
N
O
T
E
S
115
S16E1T2 S16E1T3 S17E1T1 S17E1T2 S17E1T3 S18E1T1 S18E1T2
1 102 121 150 139 153 134 125
2 125 137 146 142 132 155 142
3 45 55 76 56 64 68 72
4 56 57 72 68 58 68 74
5 225 222 292 301 273 167 181
6 91 129 116 108 120 127 88
7 99 134 143 147 134 158 84
8 51 56 75 69 70 71 77
9 62 58 69 53 55 87 74
to 202 239 294 289 296 185 187
11 115 130 116 107 116 95 95
t2 145 144 148 145 142 81 118
13 65 58 90 74 72 72 78
14 60 60 79 60 60 93 89
15 164 174 155 137 147 162 149
16 192 175 151 146 139 199 176
17 617 589 570 566 579 609 604
18 112 116 113 114 104 118 98
19 183 187 153 169 155 162 130
S = Subject 
E = Excerpt 
T = Trial
N
O
T
E
S
116
S18E1T3 S19E1T1 S19E1T2 S19E1T3 S20E1T1 S20E1T2 S20E1T3
1 116 127 129 135 121 106 118
2 148 105 131 136 156 139 134
3 69 58 60 55 74 74 70
4 75 60 55 62 84 94 75
5 196 246 203 196 264 208 181
6 120 97 94 71 118 115 131
7 92 116 121 71 151 118 139
8 65 51 42 54 94 77 81
9 70 39 60 50 61 69 64
10 199 255 168 206 259 157 142
11 109 74 71 74 128 120 130
12 85 71 77 67 137 135 78
13 68 54 59 58 76 74 65
14 67 40 60 66 85 63 56
15 164 34 123 118 158 146 137
16 185 132 144 148 161 153 157
17 570 493 494 540 606 570 519
18 106 99 95 88 l i t 111 97
19 125 153 135 137 162 148 113
S = Subject
E = Excerpt
T = Trial
S21E1T1 S21E1T2 S21E1T3 S22E1T1 S22E1T2 S22E1T3 S23E1T1 S23EIJ2
1 120 75 76 150 137 90 120 100
2 139 70 120 111 105 76 130 92
3 73 75 70 69 71 86 94 77
4 60 72 48 67 77 97 77 75
5 166 237 161 211 210 204 282 271
6 77 125 122^ 137 150 132 88 @8
7 160 98 150 81 91 74 122 92
8 74 81 88 71 79 82 76 65
9 44 83 62 72 91 71 70 71
to 268 250 116 84 114 137 255 252
11 132 105 148 155 149 88 91 89
12 140 65 162 81 162 87 135 95
13 66 97 86 95 79 81 75 70
14 62 144 114 74 85 86 72 67
15 145 139 132 74 81 69 150 141
16 125 74 132 132 159 86 139 155
17 508 529 495 528 529 507 563 583
18 101 132 141 109 116 106 109 98
19 183 166 162 127 122 96 135 136
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
118
S23E1T3 S24E1 S24E1T2 S24E1T3 S25E1T1 S25E1T2 S25E1T3
1 81 144 139 142 127 114 116
2 56 132 139 138 142 153 132
3 88 48 58 51 49 22 58
4 80 28 33 35 59 30 44
5 266 265 278 268 229 255 271
6 71 120 123 128 114 97 108
7 65 82 144 150 150 134 135
8 69 48 51 68 65 55 69
9 69 37 65 30 56 23 56
10 273 280 306 293 167 197 199
11 69 107 123 119 115 116 100
12 64 143 123 132 155 149 139
13 69 44 47 54 55 47 68
14 51 51 60 60 53 28 60
15 125 172 160 162 148 148 155
16 140 199 230 189 183 165 182
17 611 603 595 618 591 577 574
18 111 101 103 107 106 127 120
19 146 97 144 141 126 145 137
S = Subject
E = Excerpt
T = Trial
APPENDIX I 
INDIVIDUAL SUBJECT RESPONSES FOR
EACH PERFORMANCE: EXCERPT 2, DYNAMICS
N
O
T
E
S
120
ME2U S1E2T1 S1E2T2 S1E2T3 S2E2T1 S2E2T2 S2E2T3 S3E2T1
1 67 83 69 70 73 62 71 86
2 77 80 80 84 75 74 76 89
3 71 82 72 72 80 67 71 76
4 82 80 75 83 82 81 77 79
5 83 88 82 88 82 88 67 85
6 87 94 91 91 80 87 80 96
? 82 91 94 88 80 79 79 91
8 89 92 83 86 80 77 77 91
9 92 94 82 94 83 80 80 83
to 96 102 87 88 85 76 85 87
11 85 102 77 91 89 94 88 91
12 87 85 91 83 87 83 66 100
13 83 88 96 91 84 80 67 91
14 85 94 96 91 80 85 43 87
15 70 83 75 80 98 66 70 79
16 89 91 91 82 83 86 83 98
1? 92 94 100 91 71 80 79 89
18 85 98 98 94 82 82 77 92
19 85 94 91 91 85 82 89 91
20 73 77 85 87 102 68 92 91
21 82 85 87 88 92 87 88 77
22 84 94 100 98 91 85 92 98
23 88 85 92 88 88 86 91 92
24 84 86 88 87 81 77 82 86
25 83 80 83 83 87 88 85 84
26 77 83 85 83 85 85 82 84
27 82 89 87 87 89 91 91 92
28 82 84 82 80 83 87 87 103
29 84 77 91 87 87 85 85 92
30 77 72 80 82 88 79 87 75
31 59 61 58 51 89 74 56 85
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
121
S3E2T2 S3E2T3 S4E2T1 S4E2T2 S4E2T3 S5E2T1 S5E2T2 S5E2T3
1 81 88 92 89 86 83 98 87
2 81 84 84 84 81 79 87 86
3 71 80 85 85 82 83 82 83
4 77 82 68 76 80 85 84 84
5 74 70 82 82 82 81 88 83
6 91 87 83 91 81 88 103 91
? 86 85 94 89 86 84 92 87
8 85 80 89 98 85 88 88
9 77 84 61 94 77 80 88 92
10 77 85 79 107 91 82 98 91
11 94 94 S3 96 92 96 100 103
12 85 87 100 103 102 100 94 103
13 91 83 91 103 102 94 107 105
14 83 80 94 100 105 103 107 103
15 75 73 77 85 85 80 60 81
16 87 98 89 94 100 77 87 94
17 83 77 103 100 107 81 83 98
18 94 81 96 103 103 85 89 91
19 89 74 98 103 103 94 94 98
20 85 79 86 91 87 67 80 70
21 87 75 87 102 89 84 85 98
22 94 94 88 88 96 86 79 91
23 87 92 91 86 88 85 85 96
24 84 89 96 94 94 84 81 91
25 85 94 92 87 39 87 87 88
26 83 94 91 85 82 85 91 81
27 91 96 94 100 98 75 89 94
28 98 94 98 96 89 74 84 85
29 94 88 96 89 86 82 82 80
30 87 91 94 82 83 64 76 72
31 79 83 85 77 71 53 62 50
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
122
S6E2T1 S6E2T2 S6E2T3 S7E2T1 S7E2T2 S7E2T3 S8E2T1 S8E2T2
t 76 77 80 69 74 85 84 88
2 74 82 80 82 82 87 85 82
3 72 77 70 75 80 83 82 77
4 74 71 80 80 79 76 70 76
5 66 62 72 77 74 76 85 88
6 77 86 85 87 72 82 77 85
7 83 85 83 82 82 87 87 86
8 75 77 77 81 82 85 80 82
9 79 77 76 74 82 75 80 76
10 87 85 87 82 85 85 80 91
I t 85 87 87 82 80 85 82 87
12 91 89 91 82 71 80 81 88
13 81 92 94 77 70 74 70 80
14 85 94 98 76 67 77 79 83
15 89 76 82 87 87 77 83 87
16 82 86 88 81 69 76 84 85
17 82 85 88 79 72 81 85 87
18 83 84 89 79 77 85 72 82
19 87 87 92 67 74 80 80 80
20 66 82 84 85 64 87 87 88
21 85 92 89 84 84 82 85 84
22 87 89 91 88 83 83 88 89
23 80 82 83 87 83 79 80 80
24 79 87 82 83 85 75 79 77
25 82 80 80 84 83 80 81 81
26 80 85 85 73 72 77 85 80
27 85 84 82 80 83 74 87 85
28 85 81 86 81 81 80 79 88
29 80 81 84 75 70 74 77 77
30 77 82 80 72 66 65 76 71
31 71 71 80 67 61 56 74 72
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
123
S8E2T3 S9E2T21 S9E2T2 S9E2T3 S10E2T1 S10E2T2 S10E2T3 SI1E2T1
1 61 89 87 77 94 88j 92 77
2 75 87 80 72 94 87 88 85
3 82 86 80 79 89 82 88 83
4 77 94 88 86 89 80 83 83
5 82 61 79 71 86 85 86 83
6 85 94 98 94 83 91 96 88
7 87 91 94 88 88 87 91 86
8 82 96 94 89 88 84 88 91
9 68 91 98 92 87 80 91 87
10 91 92 94 91 91 87 91 98
11 87 103 100 94 92 94 103 94
12 80 96 94 86 96 84 94 94
13 74 81 80 68 85 77 88 100
14 69 77 82 74 98 82 83 91
15 85 71 71 64 82 88 63 80
16 82 96 94 98 83 80 83 88
17 83 91 102 98 84 72 87 94
18 80 98 91 89 87 77 91 92
19 80 91 77 82 94 80 too 94
20 91 75 74 85 91 66 66 84
21 80 94 100 96 80 84 72 88
22 88 92 98 98 94 81 77 89
23 81 96 89 91 86 80 72 81
24 77 89 94 87 85 83 85 82
25 82 86 91 92 82 79 85 77
26 80 83 92 86 89 79 87 82
27 87 94 96 89 85 85 75 82
28 83 94 100 88 83 82 72 77
29 74 89 91 91 80 70 67 62
30 68 80 80 75 80 74 74 67
31 59 56 63 61 61 54 58 57
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
124
S11E2T2 S11E2T3 S12E2T1 S12E2T2 S12E2T3 S13E2T1 S13E2T2
1 80 88 72 89 83 73 73
2 85 80 84 88 85 76 77
3 85 80 91 94 96 69 72
4 85 83 91 92 88 79 69
5 81 88 89 86 81 80 79
6 87 88 100 102 94 83 84
7 89 77 96 91 91 80 80
8 91 85 100 100 100 80 83
9 86 91 96 92 100 71 89
10 102 94 103 98 103 75 82
11 88 91 100 100 102 83 94
12 94 88 102 103 103 88 100
13 94 85 96 103 103 85 88
14 94 71 89 102 98 69 94
15 79 67 59 87 67 66 77
16 88 91 91 100 91 85 85
17 91 98 100 102 100 91 76
18 91 91 103 too 102 85 87
19 83 91 96 100 103 87 96
20 76 89 80 83 91 71 107
21 88 91 91 96 100 85 91
22 87 89 98 96 98 82 88
23 89 87 96 100 103 79 89
24 91 88 96 100 103 77 83
25 77 79 98 100 98 77 88
26 85 88 100 100 103 81 84
27 82 85 103 91 94 76 91
28 82 80 105 98 102 76 89
29 67 69 98 91 96 81 87
30 66 67 85 81 87 83 69
31 63 59 87 63 77 74 76
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
125
S13E2T3 S14E2T1 S14E2T2 S14E2T3 S15E2T1 S15E2T2 S15E2T3
1 79 94 87 94 70 77 67
2 81 85 83 87 82 70 77
3 71 83 83 86 81 80 61
4 76 83 45 85 86 85 77
5 82 73 86 85 91 85 81
6 87 91 88 98 89 80 81
7 92 85 88 96 75 85 77
8 94 85 81 91 82 91 87
9 94 85 87 88 80 88 85
10 89 88 91 87 91 91 94
11 100 86 94 94 88 89 87
12 107 91 88 92 83 88 91
13 98 92 98 96 85 89 89
14 88 88 89 91 91 82 86
15 74 96 94 too 74 76 72
16 89 96 91 92 85 86 83
17 96 89 96 102 89 88 89
18 91 94 98 107 88 87 92
19 92 92 94 102 91 89 89
20 98 94 98 91 71 68 75
21 91 98 98 100 91 88 80
22 85 94 96 94 86 83 89
23 85 77 88 88 89 91 98
24 84 89 89 94 91 83 88
25 87 87 86 92 86 89 84
26 82 87 92 91 85 79 74
27 88 91 91 100 84 87 84
28 89 85 89 86 88 87 82
29 91 87 87 87 89 94 76
30 80 82 85 85 72 74 75
31 74 80 80 85 61 58 67
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
126
S16E2T1 S16E2T2 S16E2T3 S17E2T1 S17E2T32 S17E2T3 S18E2T1
t 80 83 77 87 82 83 66
2 77 85 76 84 77 67 69
3 75 83 77 79 80 76 71
4 82 85 82 75 81 83 70
5 80 82 85 83 79 83 72
6 88 92 94 87 87 87 71
7 89 89 91 88 85 80 82
8 7S 86 89 87 85 89 77
9 87 88 91 84 83 89 74
10 88 89 91 83 81 86 84
H 92 96 88 88 88 94 85
12 87 85 84 91 87 85 81
t3 81 86 88 89 88 89 80
14 72 85 77 85 80 85 85
15 81 75 82 71 79 80 63
16 88 87 81 85 85 86 83
17 87 9! 86 88 89 88 80
18 89 89 91 83 81 86 74
19 81 86 88 88 86 86 82
20 84 91 94 87 88 70 83
21 85 91 85 91 96 91 80
22 86 88 75 85 94 85 83
23 87 89 88 83 85 86 79
24 87 87 91 80 81 87 75
25 86 88 85 82 83 88 80
26 91 91 91 87 88 91 74
27 87 89 86 85 85 87 87
20 82 88 82 81 85 87 75
29 80 87 82 76 73 80 70
30 77 81 77 67 70 72 69
31 76 80 75 58 72 61 60
S = Subject
E = Excerpt
T = Trial
S18E2T2 S118E2T3 S19E2T1 S19E2T2 S19E2T3 S20E2T1 S20E2T2
1 67 58 91 83 88 83 84
2 61 69 82 74 85 96 94
3 75 76 72 67 89 91 83
4 76 74 81 82 89 89 83
5 79 80 94 91 96 89 82
6 75 79 85 91 89 92 89
7 80 80 87 88 87 94 91
8 67 85 83 85 94 94 98
9 77 83 81 88 92 88 91
10 79 85 82 87 91 94 100
1! 83 82 86 94 91 98 102
12 89 83 94 98 91 98 102
13 88 88 85 88 88 96 92
14 86 83 85 92 74 94 94
15 87 80 74 82 44 58 87
16 83 81 85 92 88 94 94
17 83 86 89 103 103 96 103
18 85 87 94 94 91 98 103
19 85 81 87 88 94 too 100
20 85 73 80 80 69 85 87
21 83 83 88 94 86 87 89
22 84 87 94 96 98 98 102
23 80 83 91 94 91 88 91
24 72 70 92 94 87 91 80
25 84 83 89 89 89 89 72
26 74 81 85 87 89 83 74
27 85 88 92 94 100 88 88
28 82 85 85 94 102 87 79
29 74 85 85 87 91 86 73
30 74 82 87 85 83 84 77
31 58 63 72 70 7! 72 80
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
128
S20E2T3 S21E2T1 S21E2T2 S21E2T3 S22E2T1 S22E2T2 S22E2T3
1 81 91 91 86 91 85 82
2 92 85 80 85 85 85 82
3 85 91 85 69 87 89 87
4 98 87 84 86 82 82 74
5 85 85 81 87 84 87 83
6 84 103 100 98 86 81 87
7 86 85 86 86 85 92 84
8 91 94 98 88 92 94 91
9 92 81 81 89 81 96 91
to 107 94 94 92 94 100 98
11 100 94 94 94 103 103 103
12 103 98 88 96 88 85 91
13 91 91 77 85 88 73 84
14 92 96 63 58 89 80 75
15 77 58 59 75 72 70 69
16 85 82 85 82 80 83 87
17 96 94 96 94 98 98 96
18 100 86 91 86 94 91 98
19 100 86 94 87 100 98 92
20 87 61 74 83 85 76 60
21 83 87 88 82 80 87 91
22 94 83 85 69 84 85 86
23 85 89 82 83 85 91 61
24 83 94 88 88 82 89 75
25 74 88 89 85 82 85 73
26 72 94 91 96 81 74 73
27 94 77 81 86 91 89 85
28 94 94 91 85 87 85 84
29 86 96 91 83 89 85 80
30 89 88 85 80 80 66 70
31 77 94 83 81 80 59 67
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
129
S23E2T1 S23E2T2 S23E2T3 S24E2T1 S24E2T2 S24E2T3 S25E2T1
1 80 82 83 77 77 82 88
2 72 77 85 85 85 85 83
3 74 72 77 86 89 85 85
4 76 72 61 80 94 87 83
S 79 69 73 82 88 87 92
6 89 82 85 80 94 89 80
7 82 74 77 91 91 89 96
8 75 80 85 89 94 88 94
9 80 65 79 88 94 91 100
10 63 67 75 98 103 96 103
11 84 82 81 94 98 94 85
12 7? 86 83 94 100 91 103
13 91 86 83 88 91 85 105
14 75 74 75 86 85 82 102
15 64 63 70 76 72 67 83
16 77 81 70 87 89 91 103
17 82 74 80 91 92 92 103
18 85 79 85 91 96 94 105
19 83 80 85 91 96 92 105
20 80 77 71 83 87 77 85
21 80 76 80 88 88 8? 80
22 80 85 87 91 94 94 92
23 85 75 65 94 91 98 88
24 84 81 80 88 94 86 94
25 81 77 64 86 91 88 98
26 68 75 85 88 87 81 96
27 83 80 60 94 89 92 103
28 77 75 85 94 88 91 100
29 79 67 81 92 85 83 100
30 62 59 80 83 74 80 100
31 51 58 72 62 70 61 91
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
130
S25E2T2 S25E2T3
1 66 77
2 85 85
3 87 88
4 85 91
5 92 103
6 100 102
7 100 91
8 91 94
9 98 100
10 103 107
11 107 110
12 98 110
13 105 94
14 103 107
15 83 82
16 98 88
17 107 100
18 105 103
19 110 107
20 85 87
21 85 76
22 100 88
23 89 87
24 98 98
25 92 91
26 94 92
27 103 94
28 100 88
29 94 87
30 85 82
31 74 63
S = Subject 
E = Excerpt 
T = Trial
APPENDIX J 
INDIVIDUAL SUBJECT RESPONSES FOR
EACH PERFORMANCE: EXCERPT 2, ARTICULATION
N
O
T
E
S
132
ME2D S1E2T1 S1E2T2 S1E2T3 S2E2T1 S2E2T2 S2E2T3 S3E2T1
1 40 71 63 63 46 47 44 63
2 125 95 70 78 130 125 119 110
3 69 45 41 113 110 110 106 114
4 69 67 132 65 91 132 101 117
5 65 49 59 69 80 155 136 139
6 59 80 63 ©0 51 71 93 52
7 119 73 60 87 82 133 125 109
8 69 78 74 134 84 128 108 81
9 67 66 136 67 71 152 136 163
10 63 63 90 97 75 156 143 149
11 63 55 32 60 89 52 76 73
12 63 71 68 45 71 44 60 60
13 54 78 64 61 45 35 37 52
14 58 65 61 75 64 39 46 60
15 522 456 444 458 406 476 470 519
16 59 77 77 82 78 69 65 80
17 47 77 70 82 38 42 52 73
18 54 74 67 73 38 37 47 70
19 60 72 69 72 58 56 60 67
20 493 476 420 447 439 437 434 525
21 56 72 70 63 59 39 39 119
22 119 63 82 95 71 123 132 98
23 61 71 63 73 75 134 127 112
24 59 58 69 67 105 115 98 ©9
25 78 54 59 57 76 126 115 134
26 70 80 89 97 69 67 69 74
27 85 65 72 72 111 134 123 139
28 73 67 76 71 132 113 123 106
29 39 56 78 76 110 103 117 85
30 41 63 76 72 95 118 86 165
S = Subject
E = Excerpt
T = Trial
!T3
"36
109
76
59
101
74
80
88
152
97
72
74
61
74
552
75
72
80
65
433
62
152
167
129
101
102
145
100
95
87
S3E2T2 S3E2T3 S4E2T1 S4E2T2 S4E2T3 S5E2T1 S5E2T2
71 46 65 60 56 30 54
117 104 106 118 93 143 132
114 136 70 74 67 69 73
106 89 54 73 67 61 56
172 170 65 69 45 74 56
70 79 106 95 67 60
130 136 121 110 98 70 102
115 123 69 67 67 72 64
157 147 68 61 33 56 52
166 155 72 75 43 72 65
61 65 78 69 78 63 67
75 59 77 70 72 67 68
59 35 76 67 67 56 48
67 45 85 78 73 73 72
545 556 426 442 404 490 487
59 54 91 64 67 49 69
66 54 72 74 67 56 65
58 46 80 77 73 74 74
60 63 72 65 61 67 67
554 521 447 428 413 560 573
113 67 164 119 90 84 73
123 146 67 71 80 121 123
154 117 110 93 70 133 126
132 54 89 87 69 119 113
126 28 71 28 126 87
58 71 71 93 78 89 93
147 106 72 93 67 106 80
143 145 67 70 60 97 80
126 62 67 59 35 93 89
150 57 87 73 58 72 58
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
134
S6E2T1 S6E2T2 S6E2T3 S7E2T1 S7E2T2 S7E2T3 S8E2T1 S8E2T2
J 61 67 82 63 110 111 125 136
2 85 51 86 65 89 135 139 140
3 82 71 74 37 70 80 99 80
4 100 80 89 35 47 47 73 70
5 86 91 77 36 48 47 67 56
6 119 114 132 70 136 110 110 80
7 95 77 77 99 87 117 154 143
8 82 56 84 65 87 87 89 97
9 68 72 66 35 67 43 72 41
10 101 67 78 34 74 67 56 63
11 80 76 72 67 116 101 too 74
12 65 70 71 74 121 106 115 71
13 71 64 78 72 114 100 90 46
14 73 63 71 78 98 105 117 91
15 459 438 454 522 352 359 430 411
16 103 82 87 84 138 108 140 8?
17 93 82 81 54 124 103 119 50
18 86 89 80 69 120 104 132 73
19 64 67 67 88 129 125 115 84
20 476 465 580 519 428 453 411 385
21 134 85 95 121 186 177 143 104
22 87 74 78 82 96 97 161 154
23 75 67 75 63 84 111 67 76
24 84 71 71 41 108 37 54 52
25 52 54 75 37 117 80 43 56
26 151 119 105 91 118 132 160 115
27 74 74 78 46 44 50 160 138
28 72 46 69 34 56 108 95 71
29 78 73 69 41 47 69 59 65
30 71 69 69 50 74 113 67 58
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
135
S8E2T3 S9E2TI S9E2T2 S9E2T3 S10E2T1 S10E2T2 S10E2T3 S11E2T1
1 91 86 68 56 69 67 86 31
2 145 143 121 149 67 52 67 112
3 88 130 110 117 52 56 64 67
4 75 69 85 97 64 44 60 80
5 60 87 88 84 57 61 67 63
6 112 78 82 76 70 90 85 99
7 118 131 140 158 97 91 73 74
8 104 117 132 98 69 54 65 82
9 84 84 84 56 65 67 65 71
10 60 67 74 61 67 69 67 65
11 95 102 93 89 67 63 56 56
12 90 87 73 67 63 39 59 54
13 64 67 63 34 34 37 43 63
14 67 60 44 55 63 30 28 76
15 373 441 493 389 473 500 493 513
16 78 78 106 101 34 41 52 65
17 60 80 76 72 45 52 65 63
18 75 72 67 74 32 54 73 74
19 84 67 63 65 67 30 61 78
20 387 419 426 406 596 539 534 551
21 106 208 141 87 108 80 84 117
22 152 67 99 69 65 127 42 102
23 78 71 89 71 60 91 37 78
24 43 73 85 73 33 65 35 52
25 47 76 101 71 35 65 50 37
26 102 205 186 121 82 65 76 144
27 158 130 147 66 52 36 37 61
28 82 74 80 68 41 71 38 46
29 52 82 65 72 37 119 46 50
30 63 78 63 73 52 60 39 106
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
136
S11E2T2 S11E2T3 S12E2T1 S12E2T2 S12E2T3 S13E2T1 S13E2T2
1 39 46 308 65 58 91 99
2 101 102 63 85 63 134 134
3 69 69 54 117 64 86 117
4 72 78 62 110 62 117 140
5 76 89 33 86 50 82 102
6 106 93 164 52 61 93 93
7 82 59 69 61 59 130 136
8 78 80 66 71 56 120 145
9 78 80 62 55 54 109 138
10 61 69 54 56 68 135 151
11 67 71 60 50 52 95 91
12 65 67 56 57 73 68 89
13 6! 71 65 67 74 89 102
14 77 61 67 65 53 65 104
15 472 517 486 500 470 593 626
16 59 70 66 52 63 69 86
17 56 63 63 73 72 61 70
18 62 62 69 63 69 72 70
19 69 60 76 70 76 54 78
20 501 540 543 558 511 584 601
21 78 61 110 60 61 87 77
22 80 76 65 115 58 155 127
23 67 65 61 82 56 156 123
24 65 46 59 72 58 123 106
25 35 37 74 57 57 108 98
26 104 83 95 58 73 106 76
27 41 46 52 65 60 160 141
28 43 39 54 60 61 144 106
29 47 41 65 80 64 102 41
30 90 63 76 73 64 146 39
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
137
S13E2T3 S14E2T1 S14E2T2 S14E2T3 S15E2T1 S15E2T2 S15E2T3
1 82 66 103 57 116 115 84
2 128 86 71 102 67 44 54
3 104 115 60 91 65 35 39
4 (19 109 37 90 69 58 60
5 53 151 67 67 59 33 30
6 86 80 98 60 94 162 119
7 141 88 78 69 33 46 38
8 139 82 50 69 62 69 59
9 134 69 67 66 41 56 53
10 87 132 63 74 73 74 71
11 91 59 71 57 65 63 65
12 73 67 69 61 77 71 73
13 79 61 56 52 61 60 65
14 90 66 65 59 83 95 106
15 550 573 359 400 381 376 388
16 84 61 75 60 82 93 87
17 61 65 65 55 84 95 93
18 73 69 58 50 72 82 73
19 73 57 69 63 88 78 97
20 571 569 437 439 342 340 363
21 110 284 112 225 103 115 138
22 136 126 63 65 41 50 65
23 119 76 57 69 61 67 65
24 105 81 60 60 52 39 67
25 65 67 115 56 69 55 72
26 145 214 87 188 84 130 108
27 136 65 65 82 69 66 62
28 62 66 57 67 35 31 30
29 63 81 95 91 56 54 39
30 37 50 69 39 84 67 95
S - Subject
E = Excerpt
T = Trial
N
O
T
E
S
138
S16E2T1 S16E2T2 S16E2T3 S17E2T1 S17E2T2 S17E2T3 S18E2T1
1 35 60 48 102 81 76 78
2 82 74 71 96 136 138 54
3 72 69 46 87 121 115 52
4 78 64 69 102 117 95 71
5 68 70 54 79 77 78 69
6 67 59 60 98 91 80 93
7 86 67 67 75 93 127 63
8 69 65 65 87 93 98 71
9 75 60 63 86 78 92 57
10 84 73 71 77 97 119 69
11 69 54 58 65 71 65 76
12 62 38 59 80 84 91 74
13 32 41 61 67 67 65 78
14 99 35 74 78 80 78 75
15 522 423 458 473 505 527 419
16 61 65 59 71 71 69 75
17 62 63 67 65 67 72 70
18 67 62 66 70 76 77 75
19 71 63 69 67 57 71 78
20 558 446 339 521 525 565 488
21 100 58 71 134 123 113 123
22 84 67 49 70 83 115 100
23 69 68 69 73 88 88 76
24 80 67 59 78 119 98 52
25 68 69 61 97 119 73 68
26 72 65 63 108 145 104 91
27 67 60 67 67 77 104 75
28 65 57 54 76 86 97 69
29 69 68 71 86 96 106 56
30 59 68 46 93 113 139 74
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
139
S18ET2 S18E2T3 S19E2TI S19E2T2 S19E2T3 S20E2T1 S20E2T2
1 93 90 63 65 78 95 75
2 58 89 126 119 65 78 60
3 58 81 109 110 68 84 89
4 88 69 106 85 56 78 71
5 89 73 95 63 42 67 55
6 89 82 74 69 74 74 75
7 87 87 142 90 79 112 86
8 85 76 106 112 68 86 72
9 69 60 104 84 58 78 65
10 79 76 126 78 38 126 62
11 82 76 41 62 61 55 60
12 78 88 63 64 67 74 58
13 82 89 66 65 76 73 63
14 69 82 50 53 66 80 62
15 396 397 440 501 398 519 461
16 78 76 67 71 69 62 69
17 71 75 67 65 59 6? 69
18 71 78 59 76 76 69 67
19 78 88 50 80 80 76 61
20 467 400 393 360 415 545 413
21 82 80 76 83 100 98 99
22 76 71 142 80 67 132 63
23 43 43 100 72 69 123 67
24 45 56 80 60 62 86 67
25 70 63 63 66 67 89 50
26 88 82 88 101 80 112 106
27 65 76 95 61 56 140 88
28 41 61 106 67 58 116 90
29 46 71 108 74 63 89 85
30 82 86 70 37 70 73 69
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
140
S20E2T3 S21E2T1 S21E2T2 S21E2T3 S22E2TI1 S22E2T2 S22E2T3
1 74 116 95 34 106 101 75
2 67 82 71 61 65 80 46
3 136 62 37 54 45 59 33
4 69 75 84 58 67 71 47
5 71 52 59 67 54 69 33
6 61 117 119 98 114 108 74
7 94 36 50 67 33 69 39
8 95 65 62 43 61 65 64
9 87 71 54 41 47 75 65
to 74 69 56 56 71 75 67
I t 67 90 77 65 67 78 71
12 60 62 71 60 73 74 75
13 72 63 58 52 63 71 68
14 79 70 53 43 76 78 72
15 502 465 350 528 389 411 391
16 70 80 67 67 71 77 73
17 82 65 69 56 69 75 63
18 69 69 61 72 73 81 55
19 73 92 63 59 76 86 74
20 539 573 536 543 400 424 459
21 91 238 168 53 125 104 91
22 111 44 69 66 40 59 47
23 104 135 45 54 68 69 63
24 52 58 37 56 59 56 37
25 75 48 30 29 73 67 38
26 124 99 100 82 92 76 93
27 123 65 32 41 67 65 39
28 91 58 41 28 46 45 29
29 88 52 43 33 73 72 61
30 69 64 55 37 67 117 40
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
S23E2T1 S23E2T2 S23E2T3 S24E2T1 S24E2T2 S24E2T3 S25E2T1
1 75 56 74 102 117 97 62
2 126 106 65 91 129 126 114
3 139 117 42 69 72 77 71
4 158 126 110 76 85 105 54
5 134 117 47 75 59 75 28
6 71 54 69 132 91 82 57
7 108 93 84 73 82 65 100
8 139 115 67 71 71 114 84
9 104 127 48 61 76 86 58
10 173 126 71 63 63 65 65
11 75 76 86 76 91 69 48
12 76 96 80 57 62 74 61
13 88 93 76 61 54 39 48
14 88 91 86 63 35 46 62
15 499 417 584 479 446 367 511
16 65 88 54 69 74 67 56
17 77 91 85 65 78 87 49
18 67 82 74 57 58 56 48
19 74 85 80 49 63 67 60
20 524 520 524 422 454 403 532
21 66 82 43 65 144 110 41
22 85 78 64 125 125 119 67
23 130 100 52 114 68 68 56
24 147 117 47 71 67 78 33
25 130 110 43 69 63 71 56
26 67 73 73 112 134 121 61
27 147 114 55 59 70 123 114
28 132 123 71 63 65 65 61
29 95 99 77 65 73 83 48
30 126 128 71 70 76 77 56
S = Subject
E = Excerpt
T = Trial
N
O
T
E
S
142
S25E2T2 S25E2T3
1 61 54
2 104 115
3 67 67
4 50 54
5 47 65
6 62 68
7 114 100
8 61 68
9 58 53
10 52 62
I f 49 65
12 26 52
13 45 56
14 60 53
15 534 538
16 43 59!
17 55 56
18 48 61
19 57 63
20 532 549
21 63 59
22 145 134
23 62 56
24 39 28
25 26 44
26 54 63
27 117 112
28 60 32
29 46 35
30 57 49
S = Subject 
E = Excerpt 
T = Trial
APPENDIX K 
INDIVIDUAL SUBJECT RESPONSES FOR
EACH PERFORMANCE: EXCERPT 3, DYNAMICS
N
O
T
E
S
144
ME3U S1E3T1 S1E3T2 S1E3T3 S2E3T1 S2E3T2 S2E3T3 S3E3T1
1 98 98 100 102 94 96 96 98
2 92 102 98 91 96 96 102 100
3 88 96 98 94 100 96 102 107
4 83 88 86 82 94 87 92 84
5 102 98 103 102 94 103 100 100
6 91 88 94 92 98 94 96 102
7 85 89 92 94 96 96 100 98
8 94 98 100 96 94 94 too 96
9 94 66 96 103 94 96 94 92
10 94 55 94 103 91 94 96 96
11 91 91 94 102 94 98 98 96
12 94 92 87 94 91 96 103 92
C/3
W
E-i
O
IS
S = Subject 
E = Excerpt 
T = Trial
S3E3T2 S3E3T3 S4E3T1 S4E3T2 S4E3T3 S5E3T1 S5E3T2 S5E3T3
1 100 102 96 98 105 100 102 103
2 96 102 96 103 100 102 100 107
3 96 102 102 102 105 105 105 105
4 88 84 100 102 88 92 98 96
5 98 100 98 105 103 98 103 103
6 91 91 96 91 ico 102 98 89
7 94 88 94 88 94 103 100 92
8 92 96 too 98 103 103 107 103
9 92 94 98 98 96 98 too 96
10 87 89 94 108 103 91 103 96
11 91 94 94 98 too 96 107 103
12 91 too 98 96 94 103 103 105
N
O
T
E
S
145
S6E3TI S6E3T2 S6E3T3 S7E3T1 S7E3T2 S7E3T3 S8E3T1 S8E3T2
t 83 89 91 89 87 94 88 91
2 86 87 91 86 86 88 91 94
3 92 96 102 91 92 91 89 91
4 84 91 94 83 82 82 84 84
5 86 89 91 89 94 92 94 89
6 91 94 94 85 87 87 88 94
7 85 85 86 85 89 91 88 82
8 86 92 88 86 94 88 85 88
9 83 91 96 88 94 91 86 89
10 91 88 94 87 91 92 87 85
11 85 87 91 83 88 91 88 87
12 86 84 88 77 82 91 91 85
S = Subject 
E = Excerpt 
T = Trial
w
Cd
O
IZ
S8E3T3 S9E3T1 S9E3T2 S9E3T3 S10E3T1 S10E3T2 S10E3T3 S I1E3T1
1 91 89 96 100 94 96 100 91
2 98 98 98 98 94 102 98 92
3 98 88 91 103 98 102 98 92
4 91 88 75 89 91 91 94 83
5 92 96 103 107 102 too 100 89
6 88 96 98 96 94 102 98 94
7 87 91 91 94 92 88 100 98
8 103 91 94 98 91 100 100 98
9 94 96 94 96 100 98 91 100
10 96 98 96 102 92 107 98 103
11 96 94 94 91 100 100 94 100
12 96 91 91 77 100 88 88 103
NO
TE
S 
N
O
T
E
S
146
S11E3T2 S11E3T3 S12E3T1 S12E3T2 S12E3T3 S13E3T1 S13E3T2
1 91 91 98 100 100 91 88
2 98 91 98 100 102 91 88
3 102 98 112 105 107 84 89
4 89 91 96 91 103 88 88
5 98 94 105 91 107 100 91
6 103j 100 102 92 98 92 94
7 103 103 103 103 103 92 91
8 107 100 too 107 103 94 102
9 103 96 too 102 105 94 96
to 103 103 103 110 107 94 98
11 L 102 84 110 110 105 88 94
12 103 102 110 103 103 98 91
S = Subject 
E = Excerpt 
T = Trial
S13E3T3 S14E3T1 S14E3T2 S14E3T3 S15E3T1 S15E3T2 S15E3T3
1 92 96 98 94 84 84 91
2 09 96 94 98 84 85 87
3 08 92 91 90 88 88 91
4 09 94 84 80 82 83 88
5 98 98 100 96 98 88 98
6 103 96 91 92 80 00 85
7 98 92 94 94 91 89 91
8 96 100 94 94 89 87 91
9 102 103 92 88 88 88 88
10 96 96 96 98 89 91 88
I t 07 94 92 91 86 88 91
12 94 08 87 94 76 85 85
N
O
T
E
S
147
co
w
E-t
o
z
S16E3T1 S16E3T2 S16E3T3 S17E3T1 S17E3T2 S17E3T3 S18E3T1
1 94 100 103 98 91 89 85
2 91 100 103 96 92 94 84
3 98 103 103 98 102 94 87
4 86 94 91 88 92 88 85
5 85 98 98 87 96 91 92
6 91 96 102 05 94 100 94
7 87 91 92 87 87 96 89
8 94 too 103 91 92 98 87
9 98 100 98 91 92 98 88
10 88 96 86 94 102 102 88
11 87 98 89 92 81 103 87
12 87 94 91 94 76 107 81
S = Subject 
E = Excerpt 
T = Trial
S18E3T2 S18E3T3 S19E3T1 S19E3T2 S19E3T3 S20E3T1 S20E3T2
1 88 89 94 94 102 89 102
2 94 88 88 91 96 91 92
3 94 94 91 96 98 96 100
4 88 88 89 86 91 86 88
5 96 94 94 88 100 94 103
6 94 94 94 92 98 91 98
7 92 85 89 88 91 88 91
8 94 91 94 94 94 94 94
9 94 89 88 88 92 94 98
10 91 92 85 87 89 91 91
I t 91 86 85 3! 94 94 92
12 89 87 81 91 88 88 94
N
O
T
E
S
148
S20E3T3 S21E3T1 S21E3T2 S21E3T3 S22E3T1 S22E3T2 S22E3T3
1 100 91 98 103 92 94 91
2 102 94 102 too 96 100 86
3 102 98 94 94 98 too 91
4 91 98 91 79 98 96 91
5 100 100 102 96 94 91 92
6 96 83 88 94 98 98 94
7 96 91 94 94 94 94 94
8 94 88 94 98 94
9 92 96 100 94 91 91 94
10 94 88 89 92 94 98 96
11 98 88 92 94 91 85 98
12 92 85 73 94 102 98 88
S = Subject 
E = Excerpt 
T = Trial
co
w
E-<
O
Z
S23E3T1 S23E3T2 S23E3T3 S24E3T1 S24E3T2 S24E3T3 S25E3T1
1 83 87 87 100 100 too 91
2 83 84 84 96 96 91 94
3 84 84 88 103 105 94 too
4 88 84 86 91 91 88 88
5 89 92 94 103 107 96 96
6 85 85 87 100 103 100 96
7 83 84 89 94 96 98 98
8 85 85 88 96 100 103 98
9 83 87 83 98 98 98 100
10 89 88 94 96 92 94 100
11 82 86 83 96 100 94 94
12 85 91 82 89 94 88 100
N
O
T
E
S
149
S25E3T2 S25E3T3
1 98 102
2 186 112
3 107 110
4 102 100
5 96 103
6 103 100
7 100 98
8 103 110
9 100 103
10 96 107
11 98 105
12 100 102
S = Subject 
E = Excerpt 
T = Trial
APPENDIX L 
INDIVIDUAL SUBJECT RESPONSES FOR
EACH PERFORMANCE: EXCERPT 3, ARTICULATION
N
O
T
E
S
151
ME3D S1E3T1 S1E3T2 S1E3T3 S2E3T1 S2E3T2 S2E3T3 S3E3T1
t 519 544 556 553 473 453 510 531
2 480 544 538 516 484 462 479 539
3 541 544 567 546 470 446 488 534
4 509 472 510 501 470 440 462 527
5 51 57 57 51 43 38 54 51
6 98 70 61 64 52 39 50 58
7 80 66 55 61 48 55 53 51
8 65 63 65 76 44 53 48 58
9 58 65 57 69 57 61 54 59
10 67 48 61 61 56 57 63 55
11 55 72 55 70 53 53 58 47
S = Subject 
E = Excerpt 
T = Trial
cn 
Ed 
Eh 
O 
!3
S3E3T2 S3E3T3 S4E3T1 S4E3T2 S4E3T3 S5E3T1 S5E3T2 S5E3T3
1 559 517 508 529 504 458 508 491
2 513 525 485 478 499 484 478 505
3 542 542 516 499 548 525 503 545
4 540 491 502 485 501 552 536 587
5 53 51 50 51 50 46 50 54
6 57 56 64 57 63 49 49 43
7 49 54 66 73 66 61 59 57
8 51 57 56 56 60 56 63 57
9 51 45 70 61 68 56 60 67
10 47 53 76 71 82 58 57 66
11 46 55 64 52 67 6 4 1 64 67
N
O
T
E
S
152
w
E-<
O
2
S6E3T1 S6E3T2 S6E3T3 S7E3T1 S7E3T2 S7E3T3 S8E3T1 S8E3T2
1 460 495 536 470 471 473 514 519
2 454 494 506 468 464 476 516 510
3 499 486 511 460 483 472 556 553
4 55? 535 520 485 490 477 559 549
5 4? 49 50 91 58 89 92 84
6 64 61 61 93 74 86 91 100
7 53 66 55 95 73 85 87 97
8 68 68 62 91 63 113 88 92
9 41 4? 5? 88 83 95 92 94
10 70 67 75 96 76 79 95 108
11 49 63 64 96 85 89 78 95
S = Subject 
E = Excerpt 
T = Trial
S8E3T3 S9E3T1 S9E3T2 S9E3T3 S10E3T1 S10E3T2 S10E3T3 S11E3T1
1 502 457 469 511 485 480 456 541
2 495 477 488 483 479 462 450 552
3 534 512 502 493 484 481 445 57?
4 546 529 505 527 494 491 488 568
5 88 85 95 82 39 42 42 42
6 98 66 64 69 46 50 53 52
7 91 102 64 70 42 48 53 53
8 81 84 70 83 49 54 49 40
9 73 71 67 76 55 56 45 51
10 90 79 73 87 54 40 44 60
11 95 81 76 62 53 48 49 54
N
O
T
E
S
15
S11E3T2 S11E3T3 S12E3T1 S12E3T2 S12E3T3 S13E3T1 S13E3T2
1 522 526 485 488 500 549 528
2 521 521 500 504 497 533 520
3 525 566 477 478 552 543 552
4 526 542 515 683 593 546 524
5 50 j 41 65 60 79 68 61
6 5 9 1 52 64 73 66 74 83
7 69 ] 66 62 88 68 71 93
8 55! 50 79 77 77 79 82
9 55 46 91 too 90 68 82
10 66 60 81 92 93 57 95
11 5 4 1 46 66 106 100 92 99
S = Subject 
E = Excerpt 
T = Trial
C/3
W
Eh
O
£
S13E3T3 S14E3T1 S14E3T2 S14E3T3 S15E3T1 S15E3T2 S15E3T3
1 505 421 447 502 478 475 503
2 521 446 498 497 532 497 502
3 512 499 526 518 528 514 513
4 531 534 537 520 551 514 532
5 50 67 54 54 57 63 58
6 64 64 49 54 49 71 75
7 60 66 51 55 51 60 78
8 71 57 53 60 49 58 67
9 61 71 50 55 50 53 69
10 87 74 55 53 68 71 78
11 111 51 49 44 50 60 64
N
O
T
E
S
15
S16E3T1 S16E3T2 S16E3T3 S17E3T1 S17E3T2 S17E3T3 S18E3T1
1 308 316 361 474 490 497 526
2 355 330 395 494 498 460 530
3 267 247 401 517 520 460 510
4 573 291 277 845 797 551 398
5 21 j 39 38 64 50 60 45
6 47 j 38 46 60 58 62 53
7 49; 49 39 66 79 78 54
8 41 45 52 62 68 76 49
9 42! 39 60 78 89 76 49
10 56 51 51 79 74 80 58
11 55 49 53 94 83 73 60
S = Subject
E = Excerpt 
T = Trial
co
w
Eh
O'Z,
SI8E3T2 S18E3T3 S19E3TI S19E3T2 S19E3T3 J20E3T1 S20E3T2
1 531 536 479 472 483 528 534
2 524 531 484 473 476 474 494
3 513 540 496 481 473 542 529
4 375 397 380 418 370 545 562
5 51 59 50 55 59 57 59
6 65 75 47 53 40 62 65
7 57 81 56 56 52 88 76
8 64 77 46 53 51 71 78
9 65 71 46 59 51 73 74
10 71 80 56 53 52 68 67
I t 82 84 47 55 51 73 65
N
O
T
E
S
15
S20E3T3 S21E3T1 S21E3T2 S21E3T3 S22E3T1 S22E3T2 S22E3T3
1 516 505 522 490 487 503 517
2 475 505 468 481 453 470 475
3 517 512 473 466 488 492 504
4 543 454 463 433 502 468 468
5 74 43 45 43 57 62 58
6 76 44 19 46 68 68 61
7 68 51 48 53 54 67 57
8 74 41 50 52 53 55 59
9 73 42 38 51 64 74 63
10 77 68 54 51 64 68 71
11 68 45 39 42 58 70 54
S = Subject
E = Excerpt 
T = Trial
w
w
Eh
O
2
S23E3T1 S23E3T2 S23E3T3 S24E3T1 S24E3T2 S24E3T3 S25E3T1
1 484 499 507 375 560 494 495
2 479 494 502 383 511 480 507
3 503 530 535 423 557 514 515
4 523 683 412 529 505 495 629
5 64 59 71 57 65 83 46
6 53 54 61 47 58 86 53
7 60 62 76 81 80 90 53
8 59 63 77 71 73 90 50
9 56 53 67 67 91 98 53
10 76 75 79 67 78 95 52
11 65 67 70 89 83 122 47
N
O
T
E
S
15 6
S25E3T2 S25E3T3
1 534 519
2 516 506
3 508 487
4 552 597
5 60 49
6 48 49
7 53 48
8 51 49
9 49 60
t o 52 61
11 45 59
S = Subject 
E = Excerpt 
T = Trial
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